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GLOBAL  WARMING 


TUESDAY,  FEBRUARY  21,  1989 

House  of  Representatives, 
Committee  on  Energy  and  Commerce, 
Subcommittee  on  Energy  and  Power, 

Washington,  DC. 

The  subcommittee  met,  pursuant  to  notice,  at  10:08  a.m.,  in  room 
2123,  Rayburn  House  Office  Building,  Hon.  Philip  R.  Sharp  (chair- 
man) presiding. 

Mr.  Sharp.  Ladies  and  gentlemen,  we  have  been  waiting  for  our 
projector  equipment  so  that  two  of  our  witnesses  will  be  able  to 
present  slides.  It  is,  we  hear,  on  its  way  from  the  Senate,  so  we'll 
try  to  go  ahead  and  proceed  and  regret  the  delay;  typical  of  the  ef- 
ficiency around  here.  We  can't  seem  to  get  the  equipment  where 
it's  needed. 

U.S.  energy  policy  should  rest  on  at  least  three  main  pillars: 
energy  security,  economic  competitiveness,  and  environmental  pro- 
tection. Two  weeks  ago,  this  subcommittee  heard,  again,  that  our 
national  energy  security  and  our  economic  wellbeing  may  be  at 
risk  as  we  become  more  dependent  on  foreign  oil.  It  is  clear  that 
we  need  to  work  much  harder  to  improve  the  energy  efficiency  of 
our  economy,  as  well  as  to  increase  the  supply  of  domestic  energy. 

Today  we  ask  whether  our  global  environment  is  in  jeopardy  as 
well.  We  will  hear  from  scientists  who  differ  as  to  the  magnitude  of 
risk  we  face  and  the  wisdom  of  changing  energy  policy  based  upon 
this  risk.  I  hope  they  will  help  us  sort  through  the  conflicting  ac- 
counts that  have  appeared  in  the  news  media.  In  this  Congress, 
almost  every  issue  that  comes  before  our  subcommittee,  from 
energy  conservation  to  nuclear  licensing  reform,  will  be  examined 
with  an  eye  on  its  implications  for  the  greenhouse  effect  and  other 
environmental  issues. 

In  many  cases,  the  goals  of  energy  security,  economic  competi- 
tiveness, and  protecting  the  environment  will  be  compatible.  For 
example,  energy  conservation  promotes  all  three.  In  other  cases, 
we  will  have  to  make  tough  choices.  I  hope  the  distinguished  scien- 
tists before  us  today  will  help  us  to  understand  how  much  weight 
we  should  give  to  the  global  warming  threat  as  we  formulate  our 
Nation's  energy  policy. 

The  Chair  would  now  like  to  recognize  our  distinguished  col- 
league from  California,  Mr.  Moorhead,  for  an  opening  statement. 

Mr.  Moorhead.  Thank  you,  Mr.  Chairman.  I  welcome  the  start 
of  what  I  believe  will  be  an  important  series  of  hearings  on  energy 
policy  implications  of  the  global  warming  problem.  Today's  hear- 
ing, Mr.  Chairman,  is  about  what  we  know  and  don't  know  scientif- 
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ically  about  the  phenomenon  of  global  warming.  This  is  a  topic 
which  will  be  important  to  the  subcommittee  in  reviewing  future 
policy  options  and  responses  to  the  global  warming  problem. 

I  expect  today's  hearing  will  be  extremely  interesting  since  we 
are  fortunate  to  have  with  us  scientific  experts  with  differing  view- 
points on  the  global  warming  problem.  While  all  of  them  appear  to 
agree  that  what  we  are  facing  potentially  is  a  very  serious  environ- 
mental threat,  there  is  less  consensus  over  other  key  points.  These 
include  questions  over  whether  we  have  already  experienced  a  tem- 
perature increase  due  to  global  warming  and  questions  over  how 
fast  and  how  large  future  temperature  increases  will  be. 

All  of  these  issues  are  important  for  our  future  deliberations  on 
this  problem.  While  I  am  concerned,  as  one  Witness  suggested  in 
his  written  statement,  that  we  may  be  harming  the  environment  at 
a  faster  rate  than  we  can  predict  the  consequences,  I  am  also  con- 
cerned that  we  make  sure  that  our  policy  responses  reflect  what 
we  know  and  don't  know  about  global  warming. 

I  look  forward  to  today's  hearing  and  the  challenge  of  sorting  out 
the  different  viewpoints  of  what  everyone  will  agree  is  a  complex 
and  difficult  problem. 

Thank  you,  Mr.  Chairman. 

Mr.  Sharp.  Thank  you.  The  Chair  now  recognizes  the  distin- 
guished colleague  from  Oklahoma,  Mr.  Synar. 

Mr.  Synar.  I  have  no  opening  statement,  Mr.  Chairman. 

Mr.  Sharp.  The  gentleman  from  Texas,  Mr.  Fields. 

Mr.  Fields.  Mr.  Chairman,  just  very  briefly,  I  want  to  congratu- 
late you  for  holding  this  hearing  today.  Global  warming  is  a  very 
complex  subject.  I  think  this  hearing  is  a  good  starting  point  with 
scientists  who  have  differing  viewpoints.  I  hope  that  we  will  have 
further  hearings  so  that  we  might  ultimately  come  to  some  type  of 
consensus  on  what  we  might  be  able  to  do  legislatively  to  deal  with 
this  problem. 

Thank  you  very  much. 

Mr.  Sharp.  I  thank  the  gentlemen.  The  gentleman  from  New 
Mexico? 

Mr.  Richardson.  Thank  you,  Mr.  Chairman.  Also,  very  briefly,  I 
think  it's  important  that  you're  holding  these  hearings.  I  would 
hope  that  sometime  soon  we  also  focus  on  the  international  impli- 
cations of  this  issue.  I  think  it's  going  to  take  a  multilateral,  multi- 
national approach  to  deal  with  this  problem.  I  think  this  is  a  posi- 
tive start  and,  in  answer  to  the  question  of  the  subject  at  hand, 
Global  Warming:  Is  It  Time  For  Action,  I  think  the  answer  has  to 
be  yes. 

Thank  you,  Mr.  Chairman. 

Mr.  Sharp.  I  thank  the  gentleman.  The  gentleman  from  Tennes- 
see, Mr.  Cooper. 

Mr.  Cooper.  I  have  no  opening  statement,  Mr.  Chairman. 

Mr.  Sharp.  I  thank  the  gentleman. 

[The  prepared  statement  of  Mr.  Leland  follows:] 

Prepared  Statement  of  Hon.  Mickey  Leland 

Mr.  Chairman,  there  exists  some  disagreement  on  the  cause  and  effects  of  in- 
creases in  global  temperatures.  In  fact,  certain  circles  argue  that  there  is  no  cause 
for  concern  as  recent  temperature  increases  are  a  natural  phenomenon. 


Granted,  the  scientific  community  is  working  with  limited  information  and  imper- 
fect models.  Notwithstanding  this  capacity  to  precisely  predict  the  future  with  100 
percent  accuracy,  sufficient  evidence  indicates  a  trend  toward  warmer  tempera- 
tures. 

The  United  States  needs  to  act.  We  need  to  address  global  warming  and  develop  a 
national  energy  policy.  Since  Americans  consume  an  estimated  one-fourth  of  world 
energy  production,  we  can  greatly  reduce  atmospheric  pollutants.  By  facilitating 
natural  gas  consumption,  increasing  energy  efficiency,  and  promoting  renewable 
energy  resources,  the  United  States  can  decrease  pollution  and  demonstrate  our 
leadership  in  hopes  that  others  will  follow  suit. 

We  cannot,  however,  singlehandedly  ameliorate  global  warming  without  interna- 
tional assistance.  This  is  a  global  problem  and  one  that  necessitates  a  global  com- 
mitment. 

Climatologists  are  deliberating  on  the  probabilities  of  a  2°  to  4°  temperature  in- 
crease vis-a-vis  a  5°  to  10°  increase  and  corresponding  effects.  I  am  not  one  to 
gamble  with  the  environment — the  stakes  are  too  high. 

I  look  forward  to  reviewing  today's  testimony  and  hope  that  our  limited  knowl- 
edge base  does  not  enable  us  to  err  on  the  wrong  side  of  humanity. 

Mr.  Sharp.  The  Chair  would  like  to  call  forward  our  witnesses 
and  we  may  have  to  take  a  break  in  a  moment  to  have  the  projec- 
tor set  up,  which  we  hope  is  about  to  arrive.  We  are  delighted  to 
have  with  us  today  Dr.  Robert  M.  White,  President  of  the  National 
Academy  of  Engineering;  Dr.  Stephen  Schneider,  Senior  Scientist 
with  the  National  Center  for  Atmospheric  Research;  Dr.  Pat  Mi- 
chaels, Associate  Professor  of  Environmental  Sciences  with  the 
University  of  Virginia;  and,  Dr.  Daniel  Albritton,  Director  of  the 
Aeronomy  Laboratory  with  the  National  Oceanic  and  Atmospheric 
Administration. 

Gentlemen,  we  are  delighted  to  have  you  with  us  and  I  think 
you're  familiar  with  our  processes  here.  We  will  make  your  written 
statement  and  other  materials  a  part  of  our  printed  record  and  we 
will  be  asking  you  for  your  oral  testimony  momentarily.  After  all 
of  you  have  given  your  testimony,  then  we'll  ask  questions  of  the 
panel. 

Dr.  White,  I  believe  you  do  not  need  the  projector.  If  I'm  accu- 
rate about  that,  I'll  let  you  go  ahead  and  give  your  testimony  and, 
when  the  projector  arrives,  then  we'll  take  a  quick  break  and  set  it 
up.  So,  Dr.  White,  we're  happy  to  have  you  with  us. 

STATEMENTS  OF  ROBERT  M.  WHITE,  PRESIDENT,  NATIONAL 
ACADEMY  OF  ENGINEERING;  DANIEL  L.  ALBRITTON,  DIREC- 
TOR, AERONOMY  LABORATORY,  ENVIRONMENTAL  RESEARCH 
LABORATORIES,  NATIONAL  OCEANIC  AND  ATMOSPHERIC  AD- 
MINISTRATION, DEPARTMENT  OF  COMMERCE;  STEPHEN  H. 
SCHNEIDER,  SENIOR  SCIENTIST,  NATIONAL  CENTER  FOR  AT- 
MOSPHERIC RESEARCH;  AND  PATRICK  J.  MICHAELS,  ASSOCI- 
ATE PROFESSOR,  DEPARTMENT  OF  ENVIRONMENTAL  SCIEN- 
TISTS, UNIVERSITY  OF  VIRGINIA 

Mr.  White.  Mr.  Chairman  and  members  of  the  subcommittee.  I 
am  pleased  to  be  here  today  to  discuss  the  issue  of  climate  change 
and,  in  particular,  the  advice  which  the  National  Academies  of  Sci- 
ences and  Engineering  and  the  Institute  of  Medicine  recently  pre- 
sented to  President  Bush  in  our  White  Paper,  Global  Environmen- 
tal Change,  Recommendations  for  President-elect  George  Bush, 
which  I  submit  for  the  record. 

That  paper  considers  many  aspects  of  global  change  that  I  will 
not  touch  on  here.  I'll  confine  my  remarks  to  issues  dealing  with 


the  greenhouse  problem.  I'll  talk  about  three  questions.  First,  why 
do  the  academies  consider  it  important  at  this  time  to  issue  such  a 
statement,  what  are  our  principal  findings  and  recommendations, 
and  why  do  we  consider  it  a  matter  for  Presidential  leadership? 

First,  why  do  we  issue  such  a  paper?  The  academies  were  moti- 
vated in  part  by  the  unprecedented  level  of  domestic  and  interna- 
tional public  attention  and  concern;  more  than  a  decade  of  acade- 
my studies  which  have  laid  a  basis  for  our  assessment  of  the  prob- 
lem; an  acknowledgement  that  while  scientific  uncertainties  exist, 
the  weight  of  evidence  indicates  that  a  climate  warming  caused  by 
the  actions  of  humanity  may  be  underway  and  that  the  conse- 
quences of  such  a  climate  change  could  be  severe. 

Our  view  is  that  when  the  risks  of  the  consequences  are  put  in 
the  balance  against  the  certainties  and  uncertainties  of  our  knowl- 
edge, a  prudent  course  of  public  action  is  called  for.  Such  a  course 
of  action  should  address  the  anticipated  climate  changes  in  ways 
that  do  not  preclude  other  options  if  the  outcomes  differ  from  our 
present  projections. 

Now,  what  are  the  facts?  There  is  incontrovertible  evidence  of  in- 
creasing atmospheric  carbon  dioxide  concentrations,  as  well  as  in- 
creasing concentrations  of  other  greenhouse  gases.  The  increases  of 
carbon  dioxide  are  the  result  primarily  of  the  increased  use  of 
fossil  fuels,  deforestation,  and  certain  other  human  activities.  The 
response  of  the  atmosphere  to  this  increase  in  greenhouse  gases 
can  be  calculated  with  mathematical  models. 

Although  the  mathematical  models  are  only  approximations  of 
the  real  atmosphere,  and  hence  have  many  uncertainties  associat- 
ed with  them,  the  evidence  from  these  calculations  by  many  differ- 
ent research  groups  leads  to  the  estimate  that  the  response  is 
likely  to  be  a  climate  warming  somewhere  between  IV20  and  AVz° 
centigrade  when  averaged  over  the  globe  at  the  surface  of  the 
Earth.  That's  for  a  doubling  of  the  carbon  dioxide  content.  We  are 
not  certain  of  the  detailed  regional  and  local  consequences. 

The  climate  warming,  should  it  occur,  would  lead  to  worldwide 
changes  in  storm  tracks  and  associated  precipitation,  changes  in 
water  resource  availability,  a  sea  level  rise,  and  changes  in  agricul- 
tural and  ecological  regimes.  The  record  of  instrumental  observa- 
tions indicates  that  significant  global  temperature  increases,  as 
well  as  decreases,  have  occurred  over  the  past  century. 

The  estimates  based  on  such  observations  are  that  over  this 
period  there  has  been  a  net  warming  of  about  one-half  degree  cen- 
tigrade. We  cannot  say  with  certainty  that  this  warming  is  due  to 
human  activities,  although  the  increase  in  temperature  is  not  in- 
consistent with  the  expectations  based  on  general  greenhouse 
theory.  Nevertheless,  these  could  be  natural  fluctuations  or,  in 
part,  manifestations  of  unrepresentative  data. 

Now,  what  are  the  prudent  courses  of  action?  We  can  intervene 
through  more  efficient  use  of  fossil  fuels  and  incentives  to  use 
those  that  contribute  least  to  the  carbon  dioxide  buildup  per  ther- 
mal unit.  For  example,  shifts  from  coal  to  natural  gas,  as  well  as 
intensified  efforts  to  develop  nonfossil  energy  sources,  such  as  pas- 
sively safe  and  publicly  acceptable  nuclear  power,  are  desirable. 

We  can  act  to  reduce  further  the  use  of  other  greenhouse  gases, 
such  as  CFC's,  and  we  can  work  with  other  nations  to  reduce  tropi- 


cal  deforestation.  These  actions  should  slow  the  climate  warming. 
Moreover,  they  are  desirable  for  other  reasons  since  they  would 
also  be  helpful  in  addressing  the  acid  rain,  biodiversity,  and  other 
environmental  problems.  Finally,  many  of  them  make  good  eco- 
nomic sense  in  any  case. 

We  can  encourage  adaptation  policies  that  enhance  the  resilience 
of  our  social  and  economic  systems.  For  example,  we  can  seek  the 
development  of  drought  resistant  crops.  We  should  take  into  ac- 
count the  possibility  of  a  climate  warming  in  planning  for  water 
resource  development.  We  can  plan  coastal  development,  taking 
into  account  the  possible  sea  level  rise. 

The  most  immediate  need  is  action  to  reduce  the  uncertainties  in 
our  knowledge  through  an  intensified  program  of  research  on  cli- 
mate. The  President's  budget  now  before  the  Congress  provides  sig- 
nificant increases  for  climate  research  by  several  agencies.  These 
increases  are  timely  and  should  be  supported. 

Now,  why  does  the  climate  change  issue  require  greater  atten- 
tion at  the  Presidential  level?  The  scope  and  consequences  of  a  cli- 
mate warming  could  bring  about  considerable  disruption  of  many 
parts  of  the  economy,  as  well  as  far-reaching  ecological  changes. 
Climate  change  is  quintessentially  an  international  issue.  It  is  high 
on  the  agendas  of  many  heads  of  state,  including  Prime  Minister 
Thatcher  of  the  United  Kingdom,  General  Secretary  Gorbachev  of 
the  U.S.S.R.,  Prime  Minister  Mulroney  of  Canada,  and  others. 

President  Bush's  commitment  to  play  a  world  leadership  role  is 
gratifying.  Mr.  Chairman,  I  will  be  pleased  to  answer  any  questions 
that  you  may  have. 

[Testimony  resumes  on  p.  22.] 

[The  prepared  statement  and  attachment  of  Mr.  White  follows:] 


STATEMENT  OF 


ROBERT  M.  WHITE 


PRESIDENT,  NATIONAL  ACADEMY  OF  ENGINEERING 

Mr.  Chairman  and  members  of  the  Subcommittee,  I  am  pleased 
to  be  here  today  to  discuss  the  issue  of  climate  change  and,  in 
particular,  the  advice  that  the  National  Academies  of  Sciences 
and  Engineering  and  the  Institute  of  Medicine  recently  presented 
to  President  Bush  in  our  "white  paper,"  Global  Environmental 
Change:  Recommendations  for  President-Elect  George  Bush,  which  I 
submit  for  the  record.   That  paper  considers  many  other  aspects 
of  global  change  that  I  will  not  touch  on  here. 

I  will  briefly  address  three  questions  that  are  covered  in 
detail  in  the  report.   First,  why  did  the  Academies  consider  it 
important  at  this  time  to  issue  such  a  statement?  Second,  what 
are  our  principal  findings  and  recommendations?  And  third,  why 
do  we  consider  this  a  matter  for  Presidential  leadership  and 
action? 

Whv  Did  We  Issue  Such  a  Paper? 

The  Academies  were  motivated  in  part  by 
o   The  unprecedented  level  of  domestic  and  international  public 
attention  and  concern. 

o   More  than  a  decade  of  Academy  studies  which  have  laid  a 
basis  for  our  assessment  of  the  problem. 

o   An  acknowledgment  that,  while  scientific  uncertainties 
exist,  the  weight  of  evidence  indicates  that  a  climate  warming, 
caused  by  the  actions  of  humanity,  may  be  underway  and  that  the 
consequences  of  such  a  climate  change  could  be  severe. 
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o   Our  view  is  that  when  the  risks  of  the  consequences  are  put 
in  the  balance  against  the  certainties  and  uncertainties  of  our 
knowledge,  a  prudent  course  of  public  action  is  now  called  for. 
Such  a  course  of  action  should  address  the  anticipated  climate 
changes  in  ways  that  do  not  preclude  other  options  if  the 
outcomes  differ  from  our  present  projections. 

What  Are  The  Facts? 

o    There  is  incontrovertible  evidence  of  increasing  atmospheric 
carbon  dioxide  concentrations  as  well  as  increasing 
concentrations  of  other  greenhouse  gases. 
o    The  increases  of  C02  are  the  result  primarily  of  the 
increased  use  of  fossil  fuels,  deforestation,  and  certain  other 
human  activities. 

o   The  response  of  the  atmosphere  to  this  increase  in 
greenhouse  gases  can  be  calculated  with  mathematical  models. 
Although  the  mathematical  models  are  only  approximations  of  the 
real  atmosphere,  and  hence  have  many  uncertainties  associated 
with  them,  the  evidence  from  these  calculations  by  many 
different  research  groups  leads  to  the  estimate  that  the 
response  is  likely  to  be  a  climatic  warming  of  1.5*C  -  4.5*C 
when  averaged  over  the  globe  at  the  surface  of  the  earth.   We 
are  not  certain  of  the  detailed  regional  and  local  consequences. 
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o   A  climate  warning  would  lead  to  worldwide  changes  in  storm 
tracks  and  associated  precipitation,  changes  in  water  resource 
availability,  a  sea  level  rise,  and  changes  in  agricultural  and 
ecological  regimes. 

o   The  record  of  instrumental  observations  indicates  that 
significant  global  temperature  increases  and  decreases  have 
occurred  over  the  past  century.   The  estimates  based  on  such 
observations  are  that  over  this  period  there  has  been  a  net 
warming  of  about  0.5'C.   We  cannot  say  with  certainty  that  this 
warming  is  due  to  human  activities,  although  the  increase  in 
temperature  is  not  inconsistent  with  expectations  based  upon 
general  greenhouse  theory.   Nevertheless,  these  could  be  natural 
fluctuations  or  in  part  manifestations  of  unrepresentative  data. 

What  Are  Prudent  Cources  of  Action? 

o   We  can  intervene  through  more  efficient  use  of  fossil  fuels 
and  incentives  to  use  those  that  contribute  least  to  the  C02 
buildup  per  thermal  unit.   For  example,  shifts  from  coal  to 
natural  gas,  as  well  as  intensified  efforts  to  develop 
non-fossil  energy  sources  such  as  passively  safe  and  publicly 
acceptable  nuclear  power  are  desirable.   We  can  act  to  reduce 
further  the  use  of  other  greenhouse  gases  such  as  CFCs.   And  we 
can  work  with  other  nations  to  reduce  tropical  deforestation. 
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These  actions  should  slow  the  climate  warming.   Moreover,  they 
are  desirable  for  other  reasons  since  they  would  also  be  helpful 
in  addressing  the  acid  rain,  biodiversity,  and  other 
environmental  problems.   Finally,  they  would  also  make  economic 
sense. 

o    We  can  encourage  adaptation  policies  that  enhance  the 
resilience  of  our  social  and  economic  systems.   For  example,  we 
can  seek  the  development  of  drought  resistant  crops.   We  should 
take  into  account  the  possibility  of  a  climate  warming  in 
planning  for  water  resource  development.   We  can  plan  coastal 
development  taking  into  account  possible  sea  level  rises. 
o    The  most  immediate  need  is  action  to  reduce  uncertainties  in 
our  knowledge  through  an  intensified  program  of  research  on 
climate.   The  President's  budget  now  before  Congress  provides 
significant  increases  for  climate  research  by  several  agencies. 
These  increases  are  timely  and  should  be  supported. 

Why  Does  Climate  Change  Require  Greater  Attention  at  the 
Presidential  Level? 

o   The  scope  and  consequences  of  a  climate  warming  could  bring 
about  considerable  disruption  of  many  parts  of  the  economy  as 
well  as  far-reaching  ecological  changes. 

o   Climate  change  is  quintessential ly  an  international  issue. 
It  is  high  on  the  agendas  of  many  heads  of  state  including  Prime 
Minister  Thatcher  of  the  United  Kingdom,  General  Secretary 
Gorbachev  of  the  USSR,  Prime  Minister  Mulroney  of  Canada,  and 
others.   President  Bush's  commitment  to  play  a  world  leadership 
role  is  gratifying. 

Mr.  Chairman,  I  would  be  pleased  to  answer  any  questions  the 
Committee  may  have. 
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NATIONAL  ACADEMY  OF  SCIENCES 

NATIONAL  ACADEMY  OF  ENGINEERING 

INSTITUTE  OF  MEDICINE 

:ioi  CmtUutim  Avon*.  WadiiiigfM.  D.C.  J041* 


The  Honorable  George  Bush 
The  President-Elect  of  the  United  States 
Old  Executive  Office  Building 
Washington,  D.C.  20501 


Dear  Mr.  President-Elect: 


The  problem  of  global  environmental  change  is  now  widely  recognized  as 
one  of  growing  urgency  that  will  require  responses  by  your  Administration. 
Our  views  on  the  problem  and  possible  responses  are  attached. 

Embedded  in  the  diverse  manifestations  of  this  problem — global  warm- 
ing, ozone  depletion,  tropical  deforestation,  and  acid  deposition — are  enormous 
challenges  to  science  and  engineering,  to  your  Administration,  and  to  the  world 
community  of  nations.  In  many  instances,  data  and  analyses  are  incomplete  and 
long-term  effects  remain  indeterminate;  in  addition,  there  are  costs  to  the 
economy  embedded  in  any  decisions  made  to  address  the  problem.  Yet,  even 
with  a  continuing  background  of  uncertainty,  it  is  important  to  recognize  that 
human  activities  are  indeed  changing  the  global  environment  Prudent  courses 
of  action  need  to  be  initiated  now  to  try  to  understand  and  predict  these  chan- 
ges, and  to  move  toward  suitable  policy  responses. 

As  outlined  in  the  paper  that  follows,  we  suggest  three  principal  actions 
that  your  Administration  can  take  against  the  possibility  that  we  may  be  con- 
ducting an  irreversible  experiment  with  our  planet 

First,  the  issue  of  global  environmental  change  must  be  made  more 
prominent  in  the  scientific,  political,  and  foreign  policy  agendas  of  the  United 
States.  While  the  issue  has  been  given  more  emphasis  in  the  past  several 
months,  the  need  now  is  for  sustained  and  systematic  attention  to  economic  and 
environmental  policies  bearing  on  global  change. 

Second,  a  focal  point  for  the  deployment  of  national  resources  to  address 
the  issue  needs  to  be  established  to  coordinate  the  diverse  activities  related  to 
the  problem.  Such  activities  under  way  within  the  government  are  often  poorly 


11 


The  President-Elect  of  the  United  States 
Page  2 


coordinated  and  insufficiently  focused  on  the  necessary  linkages  between  scien- 
tific understanding  and  policy  options.  Further,  policies  must  be  such  that  they 
enhance  the  resiliency,  robustness,  and  range  of  options  of  the  affected  sectors, 
from  energy  production  to  agriculture  to  coastal  development 

Third,  specific  actions  should  be  taken  by  your  Administration  to  address 
those  aspects  of  the  problem  that  are  reasonably  well  understood.  Thus,  we  sug- 
gest that  you  consider  the  following  findings  and  responses: 

•  Both  global  warming  and  acid  deposition  are  linked  to  heavy  reliance  on 
fossil  fuels.  Therefore,  efforts  to  enhance  both  energy  efficiency  and 
conservation  should  be  strengthened;  means  for  increasing  the  use  of  the 
"cleanest"  fossil  fuels,  such  as  natural  gas,  should  be  considered,  but  in 
the  context  of  appraising  their  finite  availability;  and  alternative  non-fossil 
fuel  energy  sources,  such  as  nuclear  reactors  and  solar  energy,  need  to  be 
reappraised  with  more  emphasis  put  on  their  use  in  a  safe  and  publicly 
acceptable  manner. 

•  The  Montreal  Protocol  is  an  important  first  step  toward  controlling 
stratospheric  ozone  depletion.  However,  provisions  in  the  Protocol  should 
be  called  upon  to  encourage  deeper  reductions  in  emissions  of 
ozone-destroying  chemicals  with  a  total  phaseout  of  chlorofluorocarbon 
products  on  a  reasonable  time  scale. 

•  Global  warming  will  affect  sea  levels,  agricultural  systems,  forestry,  and 
water  resources.  It  is  not  too  soon  to  assess  possible  impacts  and 
responses. 

•  Tropical  forests  are  being  cut  down  at  an  alarming  rate.  Mitigating 
strategies  that  consider  the  economic  and  other  forces  driving  this 
destruction  need  to  be  implemented  in  collaboration  with  the  affected 
nations. 

•  Improved  predictions  of  the  future  course  of  the  global  environment 
require  new  and  innovative  approaches  to  studying  the  earth  and  its 
environment  A  substantial  investment  in  research  and  ground-  and 
space- based  monitoring  activities  is  needed. 

This  is  a  broad  agenda,  and  a  challenging  one.  However,  we  believe  that  it 
offers  a  sensible  approach  to  problems  that  urgently  require  presidential  leader- 
ship and  whose  consequences,  if  realized,  could  be  severe  for  all  nations. 
Leadership  by  the  United  States  could  be  a  powerful  force  for  uniting  the  na- 
tions of  the  world  in  a  common  endeavor  vitally  important  to  all. 

Yours  sincerely, 

Frank  Press  Robert  M  White  Samuel  O.  Thier 

President  President  President 

National  Academy  National  Academy  Institute 

of  Sciences  of  Engineering  of  Medicine 
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GLOBAL  ENVIRONMENTAL  CHANGE 

Human  activities  now  match  or  even  surpass  nature  as  an  agent  of  change 
in  the  global  environment,  as  evidenced  by  a  growing  list  of  seemingly  diverse 
human-induced  environmental  changes  that  have  gripped  public  attention  in 
recent  years: 

•  rapid  changes  in  the  global  atmosphere  due  to  fossil  fuel  combustion  and 
industrial  activities  predicted  to  change  global  climate; 

•  massive  ozone  depletion  over  the  Antarctic  and  lesser  decreases  over  the 
rest  of  the  globe,  both  attributed  to  emissions  of  chlorofluorocarbons; 

•  large-scale  destruction  of  tropical  forests  for  timber,  fuel,  conversion  to 
agriculture,  and  economic  development,  with  consequent  additions  to  the 
"greenhouse"  effect  and  losses  in  plant  and  animal  species; 

•  damaged  lakes  in  New  England,  Canada,  and  Scandinavia  associated  with 
acid  deposition  from  fossil  fuel  combustion. 

Although  the  full  long-term  implications  of  these  changes  are  as  yet  un- 
clear, there  is  a  growing  perception  that  the  future  welfare  of  human  society  is 
to  an  unknown  degree  at  risk.  Our  current  scientific  understanding  amply  jus- 
tifies these  concerns,  but  also  presents  opportunities  for  effective  presidential 
leadership  and  action. 

Recent  events  have  illustrated  the  possible  social,  economic,  and  political 
implications  of  future  global  environmental  change.  Widespread  droughts  in 
the  early  1970s  set  the  stage  for  major  worldwide  fluctuations  in  grain  prices. 
Damage  to  lakes  and  forests  has  created  major  political  tensions  in  North 
America  and  Europe.  Continued  droughts  in  Africa  have  stressed  the  aid  and 
relief  machinery  of  the  developed  nations  of  the  north. 

The  individual  environmental  problems  that  have  come  to  public  attention 
are  intricately  and  inescapably  interlinked,  both  scientifically  and  politically. 
Scientifically,  their  resolution  requires  an  understanding  of  the  physical,  chemi- 
cal, and  biological  processes  that  govern  the  earth,  and  of  the  interaction  of 
these  processes  in  the  entire  earth  system.  Politically,  policy  options  to  address 
these  problems  converge  on  the  need  for  internationally  accepted  actions  relat- 
ing to  energy,  technology,  land  use,  and  economic  development  Their  im- 
plementation will  require  U.S.  commitment  and  the  development  of  improved 
mechanisms  for  international  collaboration. 

Such  issues  challenge  political  leadership.  The  consequences  of  global 
changes  to  individual  political  constituencies  are  probably  several  decades 
away,  unclear  in  nature,  but  potentially  serious.  Remedial  and  adaptive  actions 
are  likely  to  be  expensive  in  the  short  term,  whereas  their  full  benefits  may  be 
enjoyed  only  by  future  generations.  Many  possible  courses  of  action  in  policies 
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relating  to  research,  energy,  development,  and  international  relations  involve 
multiple  and  interlinked  costs  and  benefits  transcending  both  national  and 
generational  bounds.  Such  problems  can  only  be  assessed,  and  prudent  long- 
term  response  policies  can  only  be  effectively  developed,  at  the  highest  politi- 
cal levels.  Global  change  is  quintessential^  an  issue  for  leadership  at  the  level 
of  heads  of  state.  The  United  States,  in  your  presidential  term,  is  well  posi- 
tioned to  play  a  world  leadership  role. 

WHAT  ACTIONS  ARE  SUGGESTED? 

It  is  now  timely  to  consider  prudent  policy  actions  in  three  areas:  preven- 
tion, adaptation,  and  research.  These  actions,  which  can  only  be  set  in  motion 
by  presidential  leadership,  are  discussed  below,  followed  by  synopses  of  the 
current  scientific  understanding  of  the  components  of  global  environmental 
change  of  current  concern. 

Preventing  Global  Environmental  Change 

We  are  already  irrevocably  committed  to  major  global  change  in  the  years 
ahead.  The  elevated  concentrations  of  greenhouse  gases  produced  to  date  by 
human  activities  will  persist  for  many  centuries  and  will  slowly  change  the 
climate  of  the  earth,  regardless  of  our  actions.  The  chlorofluorocarbons  (CFCs) 
that  are  depleting  the  ozone  shield  have  lifetimes  on  the  order  of  a  century. 
Complex  tropical  forest  ecosystems  have  the  ability  to  regenerate,  but  this 
depends  on  the  way  they  are  managed,  and  regeneration  will  occur  slowly  at 
best. 

While  global  environmental  change  cannot  be  stopped,  the  pace  of  change 
can  be  slowed.  Put  another  way,  we  cannot  buy  absolute  security  against  en- 
vironmental risk,  however  much  we  are  willing  to  pay;  but  we  may  be  able  to 
reduce  environmental  damage  and  risk  markedly  by  prudent  policy  actions  out- 
lined below. 

Energy  Policy 

Production  of  energy  from  fossil  fuels  is  the  root  of  several  of  the  agents 
of  global  environmental  change,  notably  climatic  change  and  acid  deposition. 
There  has  been  great  concern,  and  considerable  remedial  action,  with  respect  to 
emissions  of  sulfur  and  nitrogen  compounds  from  fossil  fuel  combustion. 
Moreover,  reductions  in  fossil  fuel  combustion  address  the  continuing  concerns 
for  regional  air  quality  and  acid  deposition,  the  growing  concerns  for  global 
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climate,  and  our  growing  dependency  on  foreign  energy  resources,  i.e., 
petroleum. 

To  prepare  for  the  possibility  that  the  use  of  fossil  fuels  (particularly  coal) 
may  need  to  be  reduced  in  the  years  ahead,  we  should  explore  means  for  reduc- 
ing energy  demand  without  impeding  economic  growth,  for  example,  by  using 
fossil  fuels  with  greater  efficiency,  as  well  as  incentives  and  other  means  to  in- 
crease use  of  the  "cleanesf  fossil  fuels  such  as  natural  gas.  However,  the 
finite  availability  of  natural  gas,  a  premium  energy  source  and  valuable  chemi- 
cal feedstock,  also  needs  to  be  considered.  The  potential  for  energy  efficiency 
gains  and  fuel-switching  is  demonstrated  by  the  responses  to  the  energy  price 
shocks  of  the  early  1970s. 

A  vigorous  research  and  development  program  should  give  increased  em- 
phasis to  energy  sources  that  do  not  produce  carbon  dioxide.  New  tech- 
nologies for  publicly  acceptable  nuclear  reactors — so-called  "safe 
reactors" — should  receive  attention  in  an  R&D  program  on  alternative  energy 
sources.  Geothermal,  wind,  solar,  and  other  renewable  energy  sources  warrant 
reexamination  to  see  if  recent  progress  has  improved  their  economic  feasibility 
as  possible  substitutes  for  fossil  fuels  in  the  years  ahead. 

Actions  by  the  United  States  alone,  while  setting  a  good  example,  would 
in  themselves  be  only  marginally  effective  in  slowing  the  rate  of  global  carbon 
dioxide  emissions.  In  the  decades  to  come,  major  demands  for  energy  will 
come  from  the  developing  nations.  These  nations  will  have  to  evaluate  the 
needs  of  their  own  economic  progress  together  with  protection  of  the  global  en- 
vironment Thus,  energy  policy  issues  are  likely  to  be  on  the  international 
political  agenda. 

Policies  to  Reduce  Industrial  Emissions 

The  Montreal  Protocol  to  limit  emissions  of  CFCs,  signed  in  the  fall  of 
1987  by  31  nations — including  the  United  States — is  an  unprecedented  ex- 
ample of  international  cooperation  to  prevent  global  environmental  deteriora- 
tion. The  provisions  of  the  Montreal  Protocol  could  be  called  on  to  urge  deeper 
cuts  in  the  production  of  CFCs,  to  accelerate  the  timetable  for  their  reduction, 
and  to  urge  all  countries  to  sign  and  enforce  the  Protocol. 

Technology  exists  to  eliminate  most  of  the  industrial  emissions  that  cause 
acid  deposition.  The  use  of  clean,  low-sulfur  coal  and  combustion  and  cleaning 
technologies  can  significantly  reduce  emissions  in  power  plants.  However, 
some  emission-control  techniques  may  be  energy-intensive,  thus  increasing 
carbon  dioxide  emissions,  and  may  produce  solid  and  liquid  waste  products 
that  are  difficult  to  deal  with.  Thus,  policies  to  control  acid  deposition  involve 
trade-offs  with  measures  to  address  other  environmental  problems,  and  often  re- 
quire international  coordination.  In  any  case,  there  are  political  and  economic 
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components  in  any  decision  on  dealing  with  acid  deposition;  and  to  date  such 
decisions  have  been  deferred  by  the  past  two  Administrations  in  favor  of  more 
research.  We  believe  that  the  sources  of  acid  deposition,  the  technology  to  limit 
emissions,  and  the  associated  costs  and  political  risks  are  now  sufficiently  un- 
derstood that  further  deferral  in  favor  of  more  analysis  is  unwarranted. 

Development  Policy 

The  future  course  of  a  number  of  the  global  environmental  issues  dis- 
cussed above  will  be  strongly  influenced  by  the  manner  in  which  the 
economies  of  the  less  developed  nations  evolve  over  the  next  several  decades. 
A  nation's  impact  on  its  own  environment,  and  on  that  of  the  globe,  clearly 
depends  on  its  population  level,  standard  of  living,  and  the  technologies  used  to 
support  that  standard.  Uncontrolled  growth  of  populations  in  developing 
countries  seeking  better  standards  of  living  with  inefficient  technologies  can 
only  lead  to  continued  damage  to  the  local  and  global  environments.  Develop- 
ment aid  policies  should  focus  on  improving  the  indigenous  scientific  and  tech- 
nological knowledge  base  and  infrastructure  of  the  developing  countries  as  a 
foundation  for  environmentally  sustainable  economic  development  to  address 
these  nations'  aspirations  for  a  better  life.  Development  aid  decisions  should  in- 
clude a  consideration  of  environmental  impacts. 

Adapting  to  Global  Environmental  Change 

If  we  do  no  more  than  slow  the  pace  of  environmental  change,  thus  gain- 
ing time  to  deal  with  its  effects,  we  will  have  achieved  much.  Policy  options  to 
enhance  our  ability  to  cope  with  environmental  change  should  therefore  also 
have  high  priority.  Because  the  detailed  evolution  of  the  expected  changes  can- 
not at  present  be  predicted,  policies  should  seek  to  enhance  the  resilience, 
robustness,  and  range  of  options  of  the  sectors  likely  to  be  affected.  For  ex- 
ample, the  likelihood  of  rising  sea  levels  should  clearly  be  taken  explicitly  into 
account  in  the  planning  of  coastal  development,  construction  of  port  facilities, 
location  of  waste  disposal  dumps,  and  so  on.  Possible  changes  in  the  frequency 
and  severity  of  extreme  events — floods,  droughts,  and  severe  storms — should 
also  be  considered.  The  possibilities  for  significant  changes  in  regional  hydrol- 
ogy should  be  considered  in  planning  for  major  water-resource  projects.  Better 
understanding  of  the  response  of  crops  and  natural  vegetation  to  changes  in 
climate  and  atmospheric  composition  is  needed.  The  already  impressive  adap- 
tability of  agriculture  may  be  further  enhanced  by  investments  in  the  develop- 
ment of  improved  crop  strains,  the  exploitation  of  new  crops,  and  technology 
for  improving  water  utilization. 
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Options  for  adaptation  arc  numerous  for  rich,  technologically  advanced  na- 
tions such  as  ours,  but  fewer  for  poor  nations.  It  will  be  in  the  interests  of  all  to 
assist  the  poorer  nations  in  reducing  their  vulnerability  to  environmental 
change  by  developing  an  effective  range  of  adaptations. 

Improving  Understanding  of  Global  Environmental  Change 

We  still  lack  sufficient  scientific  understanding  to  predict  confidently  the 
detailed  evolution  of  global  and  regional  change  in  the  environment  Obtaining 
this  knowledge  will  require  strong  support  for  research  already  under  way,  na- 
tionally and  internationally,  and  support  for  new  long-term  programs  of  inter- 
disciplinary, international  research.  Monitoring  global  change  will  involve 
coordinated,  long-term  observations,  both  from  space  and  on  the  ground.  Long- 
term  commitments  must  be  made  for  resources  that  will  make  uninterrupted  ob- 
servations possible  over  the  decades  to  come. 

The  acquisition  of  knowledge  through  research  and  monitoring  is  expen- 
sive, although  not  nearly  as  costly  as  the  possible  consequences  of  ignorance. 
We  are  already  investing  large  resources  in  the  study  of  the  earth,  but  these  ef- 
forts require  augmentation  and  coordination. 

Institutional  Needs 

However,  current  institutions  and  mechanisms  in  government  and  in  the 
scientific  community — both  in  our  country  and  in  the  international  com- 
munity— need  strengthening  to  assure  a  strong  scientific  program  for  under- 
standing the  global  environment  and  developing  timely,  well-coordinated,  and 
effective  policies.  The  existing  mechanisms  for  coordination  between  govern- 
ment agencies  are  not  adequate  to  address  the  complex  scientific  and  policy  im- 
plications of  global  change. 

Mechanisms  exist  within  the  federal  government  that  could  play  a  major 
role  in  directing  the  massive  and  diverse  resources  of  government  on  this 
problem;  notably,  the  interagency  Committee  on  Earth  Sciences  of  the  Federal 
Coordinating  Council  on  Science,  Engineering,  and  Technology.  However,  ef- 
fective direction  of  these  governmental  resources  cannot  be  achieved  solely  by 
the  normal  processes  of  interagency  coordination.  Even  more  complex  issues 
are  posed  by  the  need  for  collaboration  between  sovereign  nations.  Effective 
leadership  and  direction  in  this  area  is  clearly  required.  The  issue  of  global  en- 
vironmental change  must  have  a  prominent  place  on  the  scientific,  political, 
and  foreign  policy  agendas  of  the  United  States. 
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6 
PRINCIPAL  SCIENTIFIC  ISSUES 

The  policy  recommendations  suggested  above  are  shaped  by  our  current 
understanding  of  the  various  aspects  of  global  environmental  change,  par- 
ticularly by  the  considerable  uncertainties  in  our  knowledge.  Reducing  these 
uncertainties  would  lead  to  more  informed  and  effective  policy  decisions. 

Climate  Change 

A  central  issue  in  global  environmental  change  is  the  effect  of  changing  at- 
mospheric composition  on  global  climate.  The  greenhouse  effect — the  trapping 
of  the  sun's  heat  near  the  earth's  surface  by  small  concentrations  of  certain 
gases  in  the  atmosphere — has  been  well  understood  since  the  eighteenth  cen- 
tury and  is  arguably  the  most  firmly  established  principle  in  atmospheric 
science.  These  "greenhouse  gases"  include  water  vapor,  carbon  dioxide, 
methane,  and  the  CFCs. 

In  the  nineteenth  century,  marked  growth  in  carbon  dioxide  concentrations 
began — from  about  280  parts  per  million  (ppm)  in  1850  to  350  ppm  today. 
This  increase  can  be  explained  by  the  burning  of  vast  quantities  of  fossil  fuels, 
the  massive  conversion  of  carbon-rich  forests  to  farmland  and  pasture,  and  the 
absorption  of  about  half  of  the  emitted  carbon  dioxide  in  the  ocean.  Today,  fos- 
sil fuel  use  injects  about  5  billion  tons  of  carbon  into  the  atmosphere  each  year, 
and  deforestation  adds  at  least  1  billion  tons  more.  As  a  result,  carbon  dioxide 
concentrations  are  continuing  to  increase  at  about  0.4  percent  per  year. 

Other  greenhouse  gases  are  also  increasing.  Methane,  emitted  from  oil  and 
gas  wells,  rice  paddies,  bogs,  tundra,  and  increasing  populations  of  creatures 
ranging  from  cows  to  termites,  is  increasing  at  over  1  percent  per  year.  The 
principal  CFCs,  despite  recent  limitations,  are  still  increasing  at  several  percent 
per  year.  Other  gases  such  as  nitrous  oxide  and  tropospheric  ozone  are  similar- 
ly increasing.  The  combined  effect  of  each  year's  increase  in  these  gases  is 
roughly  equal  to  that  of  the  carbon  dioxide  increase  alone. 

Estimating  the  influence  of  continuing  increases  in  greenhouse  gases  on 
future  climate  requires  quantitative  models  of  the  climate  system,  as  well  as 
predictions  of  how  human  actions  will  influence  future  emissions.  Based  on 
our  current  understanding  of  natural  processes  and  plausible  projections  of 
population  growth,  technology,  and  economic  development,  it  is  expected  that 
before  the  middle  of  the  next  century  the  combined  effect  of  increases  in  all 
greenhouse  gases  will  produce  an  impact  on  the  climate  roughly  equivalent  to  a 
doubling  of  preindustrial  levels  of  carbon  dioxide  alone.  Numerical  models  of 
the  climate  system  yield  estimates  of  the  effect  on  long-term  global  mean 
temperatures  that  range  between  1  and  5°C  (2  to  9°F).  The  rate  of  climate 
change  implied  by  these  estimates  is  as  much  as  100  times  greater  than  the 
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average  rate  of  change  since  the  last  glacial  period  (when  global  temperatures 
were  about  5°C  cooler  than  today  and  ice  sheets  covered  our  northern  tier  of 
states),  and  about  10  times  greater  than  the  fastest  known  sustained  climate 
change  during  the  last  10,000  years. 

Recent  observations  of  increased  temperatures  are  consistent  with 
predicted  changes,  but  we  do  not  yet  know  if  they  actually  confirm  that  green- 
house warming  is  indeed  in  progress.  Individual  disastrous  climatic  events, 
such  as  a  dry  summer  or  a  vigorous  hurricane  season,  cannot  be  attributed  to 
greenhouse  warming. 

The  expected  rapid  rate  of  climate  change  greatly  complicates  the  task  of 
predicting  the  changes  most  important  to  human  society — the  timing  and 
regional  distribution  of  changes,  and  the  frequency  and  severity  of  extreme 
events.  Warming  should  lead  to  worldwide  changes  in  many  features  of  the 
hydrological  cycle,  with  consequences  for  soil  moisture,  river  flow,  glacier  ex- 
tent, and  the  distribution  of  crop  zones.  In  addition,  there  are  reasons  to  expect 
that  warmer  ocean  temperatures  will  lead  to  more  violent  tropical  storms. 

The  detailed  consequences  associated  with  this  expected  warming  are  still 
unclear.  Complex  changes  in  temperature,  precipitation,  soil  moisture,  and 
storm  patterns  could  result  in  a  web  of  economic  impacts. 

•  Climatic  zones  and  storm  tracks  may  be  expected  to  shift  poleward.  Crop 
zones  and  natural  ecosystems  can  be  expected  to  migrate  with  the 
changing  climate,  although  the  extent  of  movement  is  uncertain.  Major 
shifts  could  clearly  have  far-reaching  economic,  social,  and  political 
consequences. 

•  Melting  of  land-borne  glaciers  and  thermal  expansion  of  sea  water  are 
expected  to  raise  global  sea  levels  significantly  over  the  next  century. 
Projections  of  the  amount  of  rise  range  from  tens  of  centimeters  to  as 
much  as  3  meters,  with  reasonable  estimates  centering  on  a  1  meter  rise. 
Rising  sea  levels  will  increase  the  already  troublesome  rates  of  coastal 
erosion  and  loss  of  wetlands,  while  increased  saltwater  intrusion  would 
impair  water  supplies  and  agriculture  in  coastal  areas. 

•  Warming  is  expected  to  be  considerably  greater  in  polar  latitudes  than  in 
the  tropics,  and  sea  ice  should  diminish.  A  navigable  Arctic  Ocean  would 
have  major  national  security  implications. 

•  Changes  in  rainfall  patterns  are  likely,  and  some  studies  indicate  greater 
summer  dryness  in  midlatitude  continental  regions.  Regional  changes  in 
water  supply  and  quality  may  have  significant  economic  and  social 
consequences. 

•  Adverse  climate  changes  may  be  difficult  to  accommodate  in  developing 
countries,  where  resources  are  not  available  to  adapt  to  changing 
conditions.  Growing  pressures  for  migration  may  result 
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•  Implications  for  human  health  may  result  from  changes  in  the  range  of 
disease  vectors  (e.g.,  insects  and  rodents)  and  in  the  frequency  and 
intensity  of  extreme  weather  known  to  influence  mortality  rates. 

There  is  a  disturbing  possibility  for  surprises  as  the  climate  system  rapidly 
changes.  The  record  of  the  past,  notably  as  revealed  by  ice  core  records,  shows 
that  the  climate  system  can  exhibit  large  and  rapid  changes  in  response  to  slow 
changes  in  natural  forcing.  Today,  humanity  is  imposing  new  stresses  on  the 
system,  raising  the  question  of  possibly  triggering  climatic  surprises  in  our  own 
times. 


Tropical  Deforestation 

Tropical  forests  are  being  rapidly  destroyed  because  of  the  pressure  of 
growing  local  populations  for  agricultural  land  and  fuel  wood  supplies,  and  the 
strong  world  markets  for  tropical  hardwoods  and  animal  products  from  tropical 
pastures.  Satellite  data  provide  reasonably  reliable  estimates  of  the  rates  of 
deforestation;  if  these  rates  continue,  the  planet  will  be  virtually  denuded  of 
tropical  forests  early  in  the  next  century. 

This  massive  change  in  the  earth's  vegetation  has  many  consequences.  As 
noted  above,  the  associated  carbon  dioxide  release  adds  about  20  percent  to  the 
release  from  fossil  fuel  combustion.  Other  troublesome  gases  such  as  nitrogen 
oxides  and  ozone  are  also  produced  directly  or  indirectly  from  burning  to  clear 
land.  Deforestation  can  also  lead  to  long-term  degradation  of  soil  fertility,  and 
is  intricately  linked  to  significant  changes  in  regional  hydrology  and  climate. 
Perhaps  the  most  serious  long-term  impact  of  tropical  deforestation  is  the  loss 
of  plant  and  animal  species.  This  loss  of  genetic  resources  may  rob  us  of  valu- 
able options  for  future  resources  for  food,  industry,  and  health.  Many  of  these 
changes  are  irreversible,  and  the  full  range  of  their  long-term  consequences  is 
poorly  understood. 


Stratospheric  Ozone  Depletion 

Ozone  is  naturally  produced  in  the  stratosphere  by  the  interaction  of  sun- 
light with  oxygen.  Although  present  only  in  small  concentrations,  it  blocks  out 
highly  damaging  solar  ultraviolet  radiation,  and  is  thus  essential  to  life. 

Observed  ozone  concentrations  (a  few  parts  per  million)  are  maintained 
by  a  balance  between  ozone  production  and  natural  ozone-destroying  chain 
reactions  involving  extremely  small  concentrations  of  nitrogen,  hydrogen,  and 
chlorine  compounds.  The  CFCs,  synthetic  chemicals  widely  used  in  industry 
and  consumer  products,  are  known  to  enter  the  stratosphere,  where  they 
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provide  a  new  primary  source  of  chlorine.  This  relationship  between  surface 
release  of  CFCs  and  global  stratospheric  ozone  loss  was  identified  in  1974. 

The  discovery  of  the  Antarctic  ozone  "hole" — the  abnormal  depletion  of 
ozone  over  the  entire  Antarctic  continent  in  the  early  Southern  Hemisphere 
spring — was  brought  to  world  attention  in  1985.  In  the  last  2  years,  ground- 
based  and  high-altitude  aircraft  experiments  have  indicated  that  the  ozone 
depletion  is  related  to  CFC  concentrations,  and  laboratory  experiments  are 
clarifying  our  understanding  of  the  mechanisms  involved. 

Small  worldwide  decreases  in  total  ozone  have  recently  been  detected 
through  careful  analysis  of  surface-based  and  satellite  observations.  These  chan- 
ges amount  to  a  few  percent,  and  vary  markedly  by  latitude  and  season.  Such 
systematic  long-term  declines  in  ozone  are  accompanied  by  large  natural 
seasonal  and  interannual  variability,  which  can  mask  underlying  trends. 

The  best  understood  implications  of  stratospheric  ozone  depletion  lie  in 
human  health.  Changes  in  total  ozone  of  5  percent  in  the  middle  latitudes 
would  raise  ultraviolet  radiation  levels  at  the  surface  enough  to  increase  skin 
cancer  incidence  by  more  than  10  percent  Immunological  changes  also  may 
result  from  ultraviolet  exposure.  Effects  on  plants  and  animals  are  poorly  under- 
stood, although  there  are  grounds  for  concern.  Effects  on  food  chaina  in  the 
world  ocean,  with  ultimate  effects  on  fish  harvests,  as  well  as  effects  on  agricul- 
tural crops  and  natural  systems  are  also  likely  but  have  not  yet  been  assessed. 

Acid  Deposition 

Fossil  fuel  combustion  in  power  plants  and  in  autos  produces  oxides  of 
sulfur  and  nitrogen,  which  are  converted  to  acids  in  the  atmosphere.  These  com- 
pounds are  transported  in  the  atmosphere  over  long  distances  and  are  respon- 
sible for  reduced  visibility  and  increased  deposition  of  acids  on  the  ground 
across  large  regions. 

Increased  deposition  of  acids  in  forested  areas  of  the  northeastern  United 
States,  Canada,  and  northern  Europe  that  have  low-alkalinity  waters  and  thin, 
acid  soils  has  resulted  in  the  acidification  of  surface  waters,  sometimes  to  the 
extent  that  they  no  longer  can  support  normal  fish  populations.  The  linkage  be- 
tween fossil  fuel  combustion  and  acidification  has  been  demonstrated. 

Acid  deposition  may  be  considered  as  one  aspect  of  a  changing  "global 
chemical  climate,"  with  many  varied  and  interlinked  effects.  For  example, 
changes  in  the  "chemical  climate"  have  accelerated  the  corrosion  and  erosion 
of  buildings  and  historic  monuments.  A  serious  concern  is  the  possibility  that 
changes  in  the  deposition  of  nitrogen  and  sulfur  compounds  have  significant  ef- 
fects on  forest  productivity.  However,  the  full  impact  of  acid  deposition  and 
other  pollutants  on  forest  productivity  and  its  relationship  to  the  decline  of 
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some  North  American,  Canadian,  and  European  forest  species  is  not  fully  un- 
derstood, and  the  mechanisms  of  forest  damage  are  not  clearly  established. 

Another  aspect  of  the  changing  chemical  climate  is  increased  concentra- 
tions of  ozone  at  ground  level,  resulting  from  reactions  between  nitrogen 
oxides,  hydrocarbons,  and  sunlight  Ground-level  ozone  increase  has  also  been 
implicated  in  human  health  problems  and  significant  crop  losses.  Although  the 
degree  of  increase  is  uncertain,  ambient  levels  of  ground-level  ozone  in  the 
summertime  have  been  associated  in  experimental  trials  with  a  loss  of  growth 
and  altered  physiological  function  of  forest  trees. 

Finally,  ozone  in  the  lower  atmosphere  acts  as  a  greenhouse  gas,  and  the 
effects  of  a  changing  chemical  climate  on  biological  processes  undoubtedly  in- 
fluence the  fluxes  of  other  greenhouse  gases  as  well. 

As  a  final  comment,  we  believe  that  global  environmental  change  may 
well  be  the  most  pressing  international  issue  of  the  next  century.  The  United 
States  is  well  positioned  to  play  a  leadership  role  in  coping  with  and  gaining  an 
international  consensus  on  this  difficult  issue.  Indeed,  the  United  States  in  the 
past  has  had  a  major  role  in  examining  the  problem — whether  through  the  carb- 
on dioxide  measurements  done  on  Mauna  Loa,  the  analysis  and  development 
of  the  experimental  evidence  for  the  relationship  of  the  Antartic  ozone  deple- 
tion and  CFCs,  the  substantial  contributions  of  American  scientists  to  creating 
mathematical  models  of  climate,  or  United  States  leadership  on  the  Montreal 
Protocol. 


22 

Mr.  Sharp.  Thank  you  very  much,  Dr.  White.  Let  me  ask.  I  be- 
lieve Dr.  Schneider  and  you  need  the  projector.  Am  I  correct?  And, 
Dr.  Michaels,  you  had  planned  on  the  projector.  Why  don't  I  ask 
Dr.  Albritton,  under  those  circumstances,  if  you  do  not  need  the 
projector,  to  go  ahead  and  then  we'll  return  to  that.  So,  Dr.  Albrit- 
ton, we'll  be  glad  to  hear  from  you  at  this  point. 

STATEMENT  OF  DANIEL  L.  ALBRITTON 

Mr.  Albritton.  Thank  you,  Mr.  Chairman,  members  of  the  sub- 
committee. I  certainly  appreciate  the  opportunity  to  appear  before 
you  today  to  discuss  global  warming.  As  you  requested,  in  my 
verbal  remarks  I  will  concentrate  on  three  topics.  First,  a  very 
brief  summary  of  the  uncertainties  associated  with  global  warming; 
second  and  with  most  emphasis,  the  current  activities  in  the  inter- 
national scientific  community  to  provide  an  assessment  of  that 
state  of  knowledge;  and  then  finally,  perhaps  comment  on  some  of 
the  highest  priority  research  items  that  are  needed  to  reduce  those 
uncertainties. 

To  be  sure,  as  has  already  been  cited,  the  past  and  present  re- 
search have  provided  us  with  a  substantial  understanding  of  sever- 
al aspects  of  the  greenhouse  effect.  However,  while  some  things  are 
known  with  high  certainty,  others  are  very  poorly  understood.  So 
the  spectrum  that  I'd  like  to  outline  for  you  extends  from  the  set  of 
knowns,  that  is  high  degree  of  scientific  consensus  and  certainty,  to 
basically  unknowns  for  which  science  can  make  no  comment  at 
present. 

For  example,  one  item  over  which  there  is  no  longer  scientific 
debate,  as  has  just  been  alluded  to,  is  that  carbon  dioxide  is  in- 
creasing in  the  atmosphere,  clearly  due  to  the  hand  of  man  and, 
based  on  current  estimates,  it  is  virtually  certain  that  it  will 
double  compared  to  industrial  times  some  time  in  the  next  century. 

Second,  it's  also  a  very  well  known  that  there  are  other  green- 
house gases  besides  carbon  dioxide.  CFC's,  nitrous  oxide,  and  others 
operate  physically  and  in  exactly  the  same  fashion  and  it's  well 
known  that  they  add  to  the  CO2  effect,  perhaps  as  much  as  a  factor 
of  two.  Third,  scientific  confidence  is  very  high  in  the  basic  under- 
standing of  the  basic  physics  of  how  such  gases  trap  heat  in  the 
atmosphere. 

However,  in  terms  of  how  the  planet  will  respond  to  this  addi- 
tional trapped  heat,  most  scientists,  but  not  all,  currently  believe 
that  the  eventual  response  to  the  buildup  of  these  gases  is  a  global 
warming  somewhere  on  the  range  that  has  been  cited  of  one  to  a 
few  degrees  Celsius.  Third,  there  is  a  wide  spectrum  of  opinion  at 
present  as  to  whether  a  greenhouse  signal  has  actually  been  seen 
in  the  temperature  record.  This  is  a  point  that  has  had  consider- 
able scientific  debate  and  we'll  hear  more  about  it  at  this  hearing. 

What  most  scientists  believe,  in  my  impression,  is  that  it  is  a  bit 
early  to  call  in  terms  of  identifying  cause  and  effect  for  observed 
temperature  trends  and  the  implied  greenhouse  effect.  Last,  ap- 
proaching now  the  level  of  where  science  cannot  yet  make  a  defini- 
tive statement,  current  models  of  climate  do  not  have  the  ability  to 
predict  climate  on  a  particular  season  for  a  particular  year  and  a 
particular  place  on  Earth. 
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The  relevance  of  that  statement  of  uncertainty  is  that  it  implies 
that  last  year's  tragic  midwestern  drought  cannot  be,  by  cause  and 
effect,  attributed  yet,  via  global  models,  to  the  greenhouse  effect, 
nor  can  such  models  predict  what  the  climate  is  going  to  be  in  the 
next  few  years.  However,  perhaps  the  lesson  to  learn  from  the  en- 
vironmental problems  of  last  year  is  not  what  is  their  cause,  but  a 
demonstration  of  how  an  advanced  society  like  ours  still  has  re- 
markable sensitivity  to  the  changes  in  nature. 

You'll  hear  these  statements  again  in  this  hearing.  The  scientific 
uncertainty  ranges  from  a  known  of  increasing  carbon  dioxide  to 
the  inability  to  predict  the  climate  of  one  region  or  one  place  or  1 
year.  The  reason  I  repeat  them  here  is  that  I  think  it's  important 
to  hear  the  different  perspectives  of  how  those  are  stated,  but  prob- 
ably more  important,  the  reason  I  state  them  is  that  you  will  hear 
perhaps  three  such  statements  out  of  the  proceedings  this  morning. 

I  want  to  use  them  to  underscore  that  there  is  work  in  progress 
that  will  be  of  even  more  use  to  you,  that  is  an  international  as- 
sessment by  the  world's  best  scientists,  sponsored  by  the  leading 
scientific  organizations,  the  World  Meterological  Organization 
[WMO]  and  the  United  Nations  Environmental  Program,  an  inter- 
national scientific  assessment  that  will  come  out  with  a  single 
statement  on  the  status  of  understanding  the  climate  change. 

I'd  like  to  take  most  of  my  time  this  morning  to  outline  to  you 
the  main  features  of  that.  First,  there  will  be  three  such  assess- 
ments. One  will  try  to  summarize  the  understanding  of  the  science; 
the  second,  the  socioeconomic  impacts  of  climate  change;  and  third, 
what  kind  of  policy  options  exist  based  on  the  studies  of  the  science 
and  the  impacts. 

The  United  Kingdom  is  chairing  the  one  on  science,  but  there 
are  several  nations  involved,  of  course  including  the  United  States. 
The  U.S.S.R.  is  chairing  the  one  on  socioeconomic  impacts  and  the 
U.S.A.  the  one  on  policy  impacts.  Let  me  describe  to  you  very  brief- 
ly what  the  United  States  has  done  in  its  role  on  the  science  assess- 
ment. Beginning  last  June,  the  Committee  on  Earth  Sciences 
charged  myself  and  my  NASA  colleague,  Bob  Watson,  to  begin  to 
put  together  a  draft  plan  of  how  the  United  States  would  partici- 
pate in  the  science  assessment. 

The  highlights  of  those  steps  were  as  follows.  Dr.  Watson  and  I 
reported  the  initial  outline  back  to  the  CES  in  July  of  last  year. 
Simultaneously,  we  called  together  a  group,  an  ad  hoc  group  of 
U.S.  experts  whose  expertise  went  far  broader  than  just  the  two  of 
us  to  look  over  what  we  had  done.  We  also  outlined  what  we  had 
done  to  the  Domestic  Policy  Council  Climate  Working  Group  to 
assure  them  that  policy  questions  would  be  embraced  by  such  sci- 
entific studies. 

Last,  we  described  a  plan  to  the  Climate  Research  Council  of  the 
National  Academy  of  Sciences  and,  with  such  excellent  input,  we 
felt  very  comfortable,  Dr.  Watson  and  I,  in  meeting  informally  with 
the  United  Kingdom  Chairman  last  December  of  the  Science  Work- 
ing Group  to  begin  to  hammer  out  the  tasks  that  the  International 
Science  Working  Group  would  have. 

This  group  met  in  Oxford,  in  England,  in  January,  last  month, 
and  a  summary  report  of  that  meeting  is  available  and  let  me  just 
tell  you  what  the  highlights  were.  First,  the  work  of  the  Science 
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Assessment  Group  will  have  as  a  product  a  peer  reviewed  scientific 
assessment  of  the  current  knowns  and  unknowns  associated  with 
climate  change.  It  will  basically  be  a  scientific  document  that  will, 
of  course,  be  accompanied  by  a  summary  directed  to  decision- 
makers in  the  general  public  as  well  as  industry. 

The  scope  of  the  document  will  be  full  and  that  is  it  will  extend 
from  those  things  that  cause  climate  change,  be  they  natural  or  be 
they  manmade,  to  the  processes  by  which  the  planet  responds  to 
the  biological  and  physical  responses,  like  sea  level  change,  temper- 
ature change,  ecosystem  migration,  that  would  accompany  such 
changes.  A  special  emphasis  throughout  the  document  will  be 
trying  to  identify  very  clearly  the  gaps  in  the  knowledge,  that  is  to 
better  aid  research  planning,  and  a  better  quantification  of  the  un- 
certainties, to  try  to  go  beyond  words  like  "very  likely"  or  "quite 
probably." 

The  timetable  for  finishing  this  is  very  brisk.  The  lead  authors  in 
the  science  document  will  meet  next  month  at  the  NOAA,  Geo- 
physical Fluid  Dynamics  Lab  [GFDL]  in  Princeton,  NJ.  The  plan  is 
to  have  a  rough  draft  of  this  assessment  finished  by  the  end  of  1990 
and  to  be  able  to  report  to  the  countries  of  the  world  through  the 
second  world  climate  conference  in  the  United  Nations  General  As- 
sembly by  late  1990  what  the  best  status  is  of  the  scientific  under- 
standing. 

Now,  of  what  value  will  such  an  assessment  be  to  those  like 
yourselves  who  have  to  wrestle  with  the  assessment  of  taking 
policy  options  based  on  scientific  input?  I  think  the  answer  to  that 
value  of  the  assessment  is  going  to  be  considerable,  but  let  me  out- 
line some  of  the  reasons  that  I  say  that.  First,  it  will  be  a  strong 
single  statement  of  the  global  scientific  community.  In  contrast,  al- 
though they  are  useful,  to  the  separate  and  sporadic  statements 
that  individual  scientists  have  made  at  different  times  and  differ- 
ent places. 

Second,  it  will  be  an  international  statement  and  that  is  it  is  one 
atmosphere  that  we  share  on  this  planet,  it  is  one  climate  system, 
and  as  we  grapple  with  the  policy,  it's  clear  that  a  level  scientific 
playing  field  will  aid  that  process  of  policy  discussions.  Third,  it 
will  emphasize  both  natural  climate  changes  and  manmade  climate 
changes.  The  utility  of  looking  at  both  is  that  it  puts  the  perspec- 
tive on  statements  made  about  the  manmade  changes. 

That  is  it  can  compare  what  we  may  or  may  not  be  doing  to  what 
nature  does  on  its  own  in  terms  of  change  in  the  climate  system. 
Finally,  I  think  the  explicit  focus  on  risk  and  uncertainties — I'm 
sorry.  The  explicit  focus  on  gaps  in  knowledge  and  in  uncertainties 
of  understanding  will  aid  risk  analysis  by  decisionmakers  like  your- 
selves. 

I  have  outlined  in  my  written  testimony  some  of  the  major  re- 
search gaps  that  are  already  on  the  table  that  obviously  will  be  de- 
bated by  this  scientific  body  and  I  will  refer  you  to  that  for  item- 
ized problems  of  scientific  need.  Let  me  close  by  pointing  out  that 
clearly  all  historical  data  show  us  the  climate  system  has  changed 
substantially  and  severely  in  the  past,  long  before  we  possessed  the 
dubious  capability  to  participate  in  that  change. 

There  is  certainly  every  reason  to  believe,  based  on  our  under- 
standing of  how  the  planet  works,  that  such  natural  change  is 
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going  to  continue  in  the  future.  There  is  now,  however,  the  likely 
prospect  that  we  will  contribute  to  that  change  and  I  think  there 
are  two  implications  to  the  fact  that  climate  will  change  and  that 
we  may  participate  in  that  change. 

Those  two  points  have  separate,  distinct,  and  different  policy 
questions.  First,  regarding  natural  climate  variations,  we  know 
that  they  are  of  such  magnitudes  that  science  should  be  able  to  do 
a  better  job  in  explaining  when  they're  going  to  come  and  what 
will  be  their  nature.  Basically,  science  should  help  you  with  an- 
swering the  question,  how  can  we  accommodate  large  natural  vari- 
ations in  the  climate. 

Second,  regarding  human-induced  change,  the  question  is  very 
distinctly  different.  It's  not  one  of  accommodation.  It's  one  of 
asking  ourselves  do  we  believe  it,  do  we  believe  our  understanding 
sufficiently  well  that  we  need  to  mend  our  ways.  Obviously,  policy- 
makers will  be  addressing  both  of  those  questions.  Scientists  must 
also  assist  with  both  answers.  The  improved  answers  from  a  sci- 
ence perspective  require  a  fundamental  understanding  of  how  the 
ocean  and  atmosphere  are  coupled,  how  they  work,  and  how  they 
respond  to  forcings  like  solar  changes,  as  well  as  greenhouse  gas 
changes. 

That's  a  daunting  task  for  science.  Nevertheless,  I  think  it's  clear 
to  everyone  that  the  fundamental  understanding  of  natural  proc- 
esses as  they  relate  to  the  wellbeing  of  mankind  are  almost  always 
cost-effective,  both  in  terms  of  money  and,  at  the  time,  of  the  best 
people  that  will  be  putting  their  mental  energies  to  it.  For  exam- 
ple, the  comparison  of  the  cost  of  a  single  Salk-Sabin  vaccine  to  the 
human  and  economic  cost  of  an  iron  lung  teaches  us  what  can 
truly  be  achieved  when  the  cause  of  the  thing  is  understood. 

Regarding  our  environment  and  what  it  means  to  us,  it  is  the 
price  of  ignorance  in  these  matters  that  we  really  can't  afford. 

Mr.  Chairman,  this  concludes  my  remarks.  If  the  goal  for  gravity 
has  obscured  clarity  anywhere,  I  would  certainly  be  pleased  to 
expand  on  this  with  questions. 

[Testimony  resumes  on  p.  44.] 

[The  prepared  statement  and  attachments  of  Mr.  Albritton 
follow:] 
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ENVIRONMENTAL  RESEARCH  LABORATORIES 

NATIONAL  OCEANIC  AND  ATMOSPHERIC  ADMINISTRATION 

U.S.  DEPARTMENT  OF  COMMERCE 

BEFORE  THE 

SUBCOMMITTEE  ON  ENERGY  AND  POWER 

COMMITTEE  ON  ENERGY  AND  COMMERCE 

U.S.  HOUSE  OF  REPRESENTATIVES 

FEBRUARY  21,  1989 

Mr.  Chairman  and  Members  of  the  Subcommittee: 

My  name  is  Dan  Albritton.   I  am  Director  of  NOAA's  Aeronomy 
Laboratory  in  Boulder,  Colorado,  which  studies  the  chemistry  and 
dynamics  of  the  Earth's  atmosphere.   I  appreciate  this 
opportunity  to  appear  before  your  Subcommittee  to  discuss  global 
warming. 

As  you  requested,  I  will  focus  this  summary  on  three  topics: 
(1)  the  uncertainties  in  our  scientific  understanding  of  global 
warming,  (2)  the  current  efforts  of  the  international  scientific 
community  to  assess  that  state  of  knowledge,  and  (3)  the 
highest-priority  research  that  is  needed  in  order  to  reduce  those 
uncertainties . 

I.  SCIENTIFIC  UNCERTAINTIES 

Past  and  present  research  have  provided  an  understanding  of 
several  aspects  of  the  greenhouse  effect,  the  warming  of  the 
Earth's  atmosphere  through  the  absorption  of  longwave  radiation 
by  certain  gases  like  carbon  dioxide.   Some  things  are  known  with 
high  certainty;  others  remain  very  poorly  understood.   This 
testimony  will  summarize  this  spectrum  of  knowledge  and 
uncertainty,  ranging  from  unequivocal  increases  in  the  atmo- 
spheric abundance  of  carbon  dioxide  (a  "known")  to  the 
inability  to  predict  the  climatic  consequences  for  a  specific 
region  and  year  (an  "unknown").   The  focus  in  this  summary  is  on 
the  most  policy-relevant  aspects,  namely,  those  points  relating 
to  the  following  questions: 

o    What  can  cause  climate  change,  particularly  human 
activities  that  may  influence  change? 
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o    What  are  the  predicted  changes  associated  with  human 
influences,  and  how  do  they  compare  with  natural 
variability? 

o    Have  we  seen  any  human-induced  changes  yet? 

o    What  is  the  degree  of  confidence  in  current 
predictions? 

The  following  summary  is  my  personal  interpretation  of  the 
current  spectrum  of  viewpoints  in  the  scientific  community 
regarding  the  state  of  the  science  of  the  greenhouse  effect. 

A.   Human-Influenced  Climate  Forcings 

o  Given  current  trends  in  emissions,  a  doubling  of  carbon 
dioxide  in  the  next  century,  compared  to  pre-industrial 
levels,  is  virtually  certain. 

The  atmospheric  abundance  of  carbon  dioxide  is  increasing, 
in  large  part  due  to  the  combustion  of  fossil  fuels  by 
humans.   All  scientists  are  convinced  of  this.   The  future 
rate  of  increase  will  depend  strongly  on  (1)  technical 
developments,  economic  factors,  and  policy  decisions  which 
cannot  be  predicted  in  advance,  and  (2)  the  net  uptake  of 
carbon  dioxide  by  vegetation  and  the  oceans,  the  effect  of 
which  is  still  somewhat  uncertain.   Nevertheless, 
essentially  all  scientists  agree  that  a  doubling  of  carbon 
dioxide  abundances  will  occur  within  the  next  century. 

o    The  existence  of  other  greenhouse  gases  is  well  known. 

Methane,  chlorofluorocarbons  (CFC's) ,  ozone  in  the  lower 
atmosphere,  and  nitrous  oxide  are  also  greenhouse  gases. 
Their  abundances  are  also  increasing  in  the  atmosphere.   The 
reasons  for  these  increases  are  only  partially  clear.   The 
CFC's  are  industrially  produced;  however,  the  sources  of  the 
other  gases  are  not  as  clear  because  the  biological  mecha- 
nisms for  their  emission  characteristics  are  particularly 
ill-defined  at  present.  While  the  future  atmospheric 
abundances  of  these  gases  cannot  be  reliably  predicted  yet, 
it  is  clear  that  they  will  add  to  the  greenhouse  effect 
produced  by  carbon  dioxide. 

o    Confidence  is  high  in  the  understanding  of  the  basic 
radiation  physics  of  trace  gases. 

The  above  mentioned  gases  act  to  reduce  the  loss  of  outgoing 
thermal  radiation  to  space,  thereby  increasing  the 
radiation  back  toward  the  surface  of  the  planet.  Thus, 
scientists  are  in  solid  agreement  that  the  greenhouse  gases 
increase  the  "thermal  forcing"  of  the  climate  system. 
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B.  Climate  System  Responses 

o    Most  (but  not  all)  climate  scientists  currently  believe  that 
the  eventual  response  of  the  climate  system  to  greenhouse 
forcing  is  likely  to  be,  on  the  average,  a  global  warming. 
While  it  is  clear  that  current  science  can  accurately 
calculate  the  thermal  forcing  of  the  atmosphere  due  to 
increases  in  the  greenhouse  gases,  it  is  also  clear  that 
estimating  the  subsequent  response  of  the  climate  system  to 
that  forcing  is  a  much  more  difficult  task.   Several  of  the 
key  processes  which  govern  that  response  are  quite  complex, 
for  example,  the  occurrence  of  clouds  and  their  ability  to 
reflect  radiation.   Many  of  these  processes  are  so-called 
"feedbacks."  An  example  is  ice  and  snow  which  melt  during 
warmer  periods,  exposing  darker  surfaces  that  absorb  more 
radiation  and  add  to  the  warming;  hence,  the  warming  is 
amplified.   Other  processes  could  involve  negative  feedbacks 
which  would  dampen  the  warming.   It  is  the  net  effect  of  the 
interactions  among  all  these  processes,  including  positive 
and  negative  feedbacks,  that  determines  the  new  equilibrium 
climate  state  that  the  planet  will  reach  after  an  increase 
in  radiative  forcing  by  the  greenhouse  gases. 

Scientists  have  simulated  this  complex  system  with  computer 
models  and  have  used  these  models  to  estimate  the 
consequences  of  a  doubling  of  carbon  dioxide.   Based  on 
those  simulations,  many  scientists  believe  that  an  eventual 
global  average  warming  in  the  range  of  1-5  degrees  Celsius 
is  a  reasonable  estimate.   Based  on  disagreements  among 
models  and  different  approaches  to  simulating  nature,  some 
scientists,  however,  caution  that  we  have  not  identified 
and/or  characterized  all  of  the  key  processes;  hence,  the 
above  uncertainty  range  may  be  optimistically  large.   If, 
however,  a  warming  in  the  range  of  1-5  degrees  Celsius  were 
to  occur,  it  would  be  comparable  to,  or  substantially  larger 
than,  the  known  temperature  changes  that  have  happened 
naturally  in  the  past. 

o    There  is  a  wide  spectrum  of  opinion  (and  no  consensus)  on 
whether  a  greenhouse  "signal"  has  already  been  seen. 

Current  models  predict  that,  due  to  the  greenhouse  gases 
already  in  the  atmosphere,  the  global  average  surface 
warming  should  be  in  the  range  of  0.5  to  1  degree  Celsius. 
Has  that  warming  been  seen  in  the  temperature  record?  The 
answer  is  not  clear.  While  the  surface  temperature  record 
shows  that  there  has  been  an  increase  of  that  magnitude  over 
the  past  several  decades,  the  pattern  of  that  increase  -  one 
relatively  rapid  increase  in  the  1920 's  and  another  in  the 
1980 's  -  does  not  match  that  predicted  from  models  of  the 
greenhouse  effect,  namely,  a  gradual  increase  in  tempera- 
ture.  This  suggests  that  our  models  may  be  incomplete,  or 
that  there  are  other,  presumably  natural,  processes  at  work 
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that  can  influence  temperature  changes  of  a  fraction  of  a 
degree  Celsius.   As  a  consequence,  scientists  are  searching 
for  a  "signal"  whose  magnitude  is  likely  to  be  comparable  to 
the  natural  variations  of  the  climate  system,  which  is  a 
challenging  task  indeed!   Furthermore,  the  reliability  of 
some  of  the  temperature  records,  both  global  and  regional, 
have  been  questioned,  adding  another  complication.   On  a 
regional  scale,  for  example,  a  recent  analysis  of  about  100 
years  of  temperature  and  precipitation  records  for  about 
6000  U.S.  weather  stations  shows  no  statistically 
significant  evidence  of  an  overall  increase  in  annual 
temperature  or  change  in  annual  precipitation  for  the 
contiguous  United  States  between  1895  and  1987  (Geophysical 
Research  Letters.  Vol.  16,  No.  1,  pages  49-52,  January, 
1989) .  Thus,  for  several  reasons,  the  current  differences 
of  opinion  among  scientists  as  to  whether  the  greenhouse 
warming  has  actually  begun  are  substantial. 

o    Current  models  do  not  have  the  ability  to  predict  the 

climate  of  a  particular  region  or  the  climate  of  a  given 
year.   Other  socially  relevant  climate  variables,  such  as 
rainfall,  are  also  difficult  to  estimate  with  climate 
models. 

Those  who  construct  climate  models  clearly  state  that  models 
are  not  yet  sufficiently  realistic  representations  of  the 
global  system  to  yield  reliable  estimates  of  climate 
features  on  regional  scales.   Similarly,  they  cannot 
estimate  the  climate  of  a  particular  year.   This  means  that 
the  models  cannot  say  whether  the  U.S.  midwestern  drought  of 
1988  was  due  to  the  greenhouse  effect,  nor  can  they  predict 
the  climate  features  of  the  next  few  years.   However,  many 
scientists  do  believe  that  the  models  can  (and  do)  suggest 
that,  because  of  the  greenhouse  effect,  regional  changes  in 
climatic  patterns,  like  the  U.S.  midwestern  drought,  would 
become  more  likely  in  coming  decades. 

II.  STATE-OF-KNOWLEDGE  ASSESSMENT 

I  would  now  like  to  summarize  an  assessment  process  that 
will  undoubtedly  be  of  great  use  to  national  and  international 
efforts  to  evaluate  and  respond  to  potential  changes  in  global 
climate.  Namely,  the  World  Meteorological  Organization  (WMO)  and 
the  United  Nations  Environment  Programme  (UNEP)  are  sponsoring 
the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  to  obtain  an 
international,  state-of -knowledge  review  of  climate  change. 

A.   Timetable  and  Content 

The  main  features  of  this  Scientific  Assessment  of  Climatic 
Change  are  as  follows: 
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There  are  three  companion  wmo/unep  assessments  taking 
place:   (1)  science,  (2)  socio-economic  impacts,  and  (3) 
policy  options. 

They  will  be  prepared  internationally,  with  the  following 
leaders:   science  -  U.K.;  socio-economic  impacts  - 
U.S.S.R;  and  policy  options  -  U.S.A. 

The  highlights  of  the  process  and  schedule  that  the  U.S.  is 
following  in  their  participation  on  the  Science  Working 
Group  are  the  following: 

The  Committee  on  Earth  Sciences  (CES)  charged  Messrs. 
Albritton  (NOAA)  and  Watson  (NASA)  to  draft  a  plan 
for  a  scientific  assessment  which  would  provide  the 
basis  for  U.S.  involvement.   (June,  1988) 

Draft  plan  described  to: 

--  CES  (July,  1988) 

—  Ad  Hoc  Group  of  U.S.  Scientific  Experts 

(July,  1988) 

—  Domestic  Policy  Council  Working  Group 

(September,  1988) 

—  National  Academy  of  Sciences 

(October,  1988) 

Watson  and  Albritton,  representing  CES,  met  informally 
in  London  with  the  U.K.  Chairman  to  discuss  plans  for 
the  Science  Assessment.   (December,  1988) 

The  U.S.  position  and  plans  were  completed.   Albritton 
and  Watson  were  named  as  (i)  representatives  of  the 
interagency  steering  committee  for  IPCC  and  as  (ii)  the 
U.S.  delegates  on  the  IPCC  Science  Working  Group. 
(January,  1989) 

The  Science  Working  Group  met  in  Oxford,  U.K.  and 
established  the  plans  for  the  Scientific  Assessment.  A 
summary  report  is  available.   (January,  1989) 

The  main  features  of  the  Scientific  Assessment  of  Climatic 
Change  are  the  following: 

It  will  be  a  peer-reviewed  scientific  document  done  by 
the  best  scientists  available  and  submitted  to  the 
IPCC.   It  will  be  accompanied  by  a  summary  directed  to 
government  officials  and  suitable  for  IPCC  release,  to 
the  private  sector,  and  the  public. 

Its  scope  will  be  the  full  climate  change  phenomenon, 
namely:  climate  forcing  agents,  past  climate  record, 
processes  involved  in  climate  change,  climate  model 
formulation,  tests  of  climate  models,  predictions  of 
past  and  future  climate,  and  physical  and  biological 
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responses  to  climate  change. 

-    A  special  emphasis  throughout  will  be  an  identification 
of  gaps  and  knowledge  and  a  better  quantification  of 
uncertainties. 

o    The  timetable  is  brisk:  lead  authors  will  meet  in  early 
March,  1989;  a  draft  will  be  available  for  review  in 
December,  1989;  lead  authors  and  Science  Working  Group  will 
examine  the  revised  draft  in  April,  1990;  and  the  Assessment 
will  be  provided  to  the  IPCC  in  September,  1990  and  to  the 
Second  World  Climate  Conference  and  the  United  Nations 
General  Assembly  in  late  1990. 

B.    Relation  to  Policy 

Of  what  value  will  this  Assessment  be  to  decision-makers? 
The  answer  is  "considerable,"  but  it  may  be  useful  to 
elaborate  here  on  the  fundamental  reasons  why  this  is  true: 

o    It  will  be  a  strong  single  concise  statement  from  the 
scientific  community. 

In  the  Assessment,  major  representatives  of  the  scientific 
community  will  speak  at  one  time  regarding  the  knowns  and 
unknowns  of  climate  change,  including  global  warming. 
Dissenting  viewpoints  and  their  biases  will  be  clearly 
stated.   This  can  be  a  common  reference  point  for 
decision-makers,  in  contrast  to  sporadic  and  separate 
statements  reflecting  the  opinions  of  individuals. 

o    It  will  be  an  international  scientific  statement. 

All  nations  would  have  a  common  basis  of  scientific  input 
for  their  decision-making,  as  opposed  to  several  national 
statements . 

o    The  scientific  scope  will  be  comprehensive. 

With  the  Assessment,  decision-makers  will  have  available  a 
single,  homogeneous  summary  of  the  current  scientific 
understanding  of  the  whole  climate  change  phenomenon, 
ranging  from  the  causes  of  change  to  the  physical  and 
biological  responses  to  that  change.   This  is  likely  to  be 
more  useful  than  separate  reviews  of  components  of  the 
phenomenon  done  at  different  times  and  perhaps  for  different 
purposes . 

o    Both  natural  and  human-induced  climate  change  will  be 
considered. 

In  contrast  to  considering  only  the  potential  perturbation 
of  climate  by  human  activities,  the  Assessment  will  place 
that  predicted  change  in  the  context  of  the  observed  and 
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predicted  changes  that  are  a  natural  part  of  the  climate 
system.   The  comparison  of  the  two  will  afford  an  immediate 
and  straightforward  insight  into  the  significance  of  any 
predicted  human-induced  perturbations. 

o    The  focus  on  identifying  gaps  and  knowledge  quantifying 
uncertainties  will  aid  risk  analysis. 

The  difference  between  (a)  "The  predicted  range  of 
possibilities  is  from  X  to  Z."  and  (b)  "The  prediction  is 
Y."  is,  with  regard  to  decision-making,  a  highly  relevant 
difference,  since  the  first  explicitly  reflects  the 
existence  of  uncertainties  in  the  prediction. 

III.  RESEARCH  NEEDS 

While  the  Assessment  will  usefully  summarize  the  current 
state  of  understanding,  it  is  clear  that  key  issues  related  to 
global  warming  need  further  elucidation.   Therefore,  it  will 
prove  to  be  crucially  important  over  the  coming  years  to  continue 
to  improve,  test,  and  assess  our  understanding  of  the  phenomenon, 
as  embodied  in  numerical,  climate-system  models. 

These  models  are,  of  course,  only  as  good  as  the  accuracy 
and  completeness  with  which  their  components  represent  the 
relevant  processes  of  the  "real"  world.   Some  of  the  shortcomings 
of  our  understanding  of  these  processes  are  clear  now,  and  hence, 
define  some  of  the  priority  tasks  that  need  research  emphasis. 
Other  required  tasks  are  associated  with  establishing  a  better 
observational  system  that  could  not  only  provide  additional  input 
to  the  models,  but  also  could  serve  as  a  means  of  detecting 
whether  greenhouse  warming  is  taking  place.   Resolving  these 
shortcomings  will  require  collaborative  research  among  several 
disciplines,  including  atmospheric  and  biological  sciences. 

Some  of  the  highest-priority  needs  are  the  following: 

o    Better  characterization  of  the  cloud  feedback  mechanisms, 
such  as  observations  and  theories  that  can  relate  the 
radiative  effects  of  cloud-scale  processes  to  planetary- 
scale  processes. 

o    Identification  of  other  significant  feedback  processes,  such 
as  biogenic  emissions/cloud- formation  interactions. 

o    Better  experimental  and  theoretical  understanding  of  the 
biological,  chemical,  and  physical  processes  that  control 
the  emissions  and  uptake  of  the  radiatively  important  trace 
gases  other  than  carbon  dioxide. 
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o    Defining  the  trends  of  likely  additional  greenhouse 

molecules,  such  as  lower-atmospheric  ozone  and  stratospheric 
water  vapor. 

o    Characterizing  the  trends  and  spatial  variations  of  climate- 
sensitive  properties,  such  as  temperature  and  ozone,  in  the 
middle-to-upper  stratosphere. 

o  Better  global  coverage  of  the  observations  of  key  response 
variables,  such  as  surface  temperature  and  albedo  globally 
at  oceanic  locations  and  a  better  monitoring  record  of  sea 
level . 

o    Establishing  more  accurate  decadal  trends  in  the  radiative 
forcings,  such  as  cloud  cover,  in  order  to  develop  and  test 
improved  models  of  key  feedback  systems. 

o    Improving  the  understanding  (that  is,  the  observations, 

process  studies,  and  modeling)  of  major  subcomponents  of  the 
climate  system,  such  as  the  coupled  ocean-atmosphere  of  the 
equatorial  South  Pacific,  since  these  submodels  are  part  of 
the  basis  of  eventual  global  coupled  models. 

o  Better  characterization  of  the  processes  that  determine  the 
thermal  inertia  of  the  oceans,  such  as  large-scale  vertical 
motions. 

o    Improving  the  quality  of,  and  learning  to  interpret  better, 
the  long-term  record  of  past  climate  change  in  order  to 
develop  and  test  our  century-scale  models,  as  a  means  of 
validating  models  within  the  range  of  experience  before 
using  them  under  new  conditions. 

EPILOGUE 

Global  climate  has  often  changed  substantially  and  severely 
in  the  past.   There  is  every  reason  to  believe  that  such  natural 
change  will  continue  in  the  future.  There  is  now  the  likely 
prospect  that  human  activities  will  add  to  climate  change  in  the 
future.   There  are  two  implications  for  us  to  consider.   They 
both  have  separate,  different,  and  equally  important  associated 
policy  questions. 

(1)  Natural  Variation:   How  do  we  accommodate  it? 

(2)  Human-Induced  Variation:   Do  we  need  to  mend  our  ways? 
Policymakers  will  be  addressing  both  questions.   Scientists  must 
assist  with  both  answers.   Improved  answers  require  a  better 
understanding  of  the  fundamental  processes  of  the  ocean/ 
atmosphere  climate  system,  which  is  a  challenging  task. 

Nevertheless,  the  fundamental  understanding  of  natural 
processes  that  relate  to  the  well-being  of  mankind  are  almost 
always  cost-effective.   For  example,  comparison  of  the  cost  of  a 
Salk/Sabin  vaccine  for  polio  to  the  economic  and  human  costs  of 
an  iron  lung  teaches  us  what  can  be  achieved  when  the  cause  of  a 
thing  is  truly  understood.   Regarding  our  environment  and  what  it 
means  to  us  all,  it  is  the  price  of  ignorance  that  we  cannot 
afford. 

Mx.  Chairman,  this  concludes  my  prepared  remarks.   I  would 
be  pleased  to  answer  any  questions  that  you  or  the  members  of  the 
Subcommittee  may  have. 
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Mr.  Chairman  and  Members  of  the  Subcommittee: 

I  want  to  thank  the  Subcommittee  for  the  opportunity  to 
submit  the  analyses  my  colleagues  and  I  have  recently  completed 
that  relate  to  the  issue  of  greenhouse  warming.   Attached  is  a 
one-page  summary  of  our  major  findings. 

This  testimony  describes  temperature  changes  seen  over  the 
United  States  during  the  past  century.   A  short  introduction 
regarding  the  relationship  of  our  work  to  the  greenhouse  issue  is 
appropriate. 

Increases  in  scientific  understanding  must  follow  three 
basic  steps.   First,  a  hypothesis  must  be  developed  based  on  our 
understanding  of  the  physical  world.   In  context  with  today's 
discussion,  this  may  be  stated  as:   increases  in  anthropogenic 
greenhouse  gases  like  carbon  dioxide  will  lead  to  global  warming. 
Second,  the  hypothesis  is  used  to  make  some  predictions  about  the 
physical  world.   In  this  case,  predictions  are  being  made  with 
three-dimensional  mathematical  climate  models.   These  predictions 
include  a  forecast  of  a  global  warming  between  1.5°C  (2.7°F)  to 
4.5°C  (8.1°F)  assuming  a  doubling  of  carbon  dioxide 
concentrations,  or  the  equivalent  in  radiatively-active 
greenhouse  gases. 

Despite  the  success  of  these  climate  models  in  reproducing 
important  features  of  the  annual  cycle  and  other  aspects  of  the 
climate,  there  remain  too  many  deficiencies  in  scientific 
understanding  of  various  climate-system  components  to  make  a 
realistic  climate  model.   For  this  reason,  we  must  take  the  third 
step:   the  comparison  of  model  predictions  with  measurements  made 
from  the  physical  world.   If  our  measurements  are  in  agreement 
with  our  predictions,  we  can  have  a  certain  measure  of  confidence 
about  our  predictions.   If  they  do  not  agree,  we  must  either 
modify  or  reject  our  hypothesis. 
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The  massive  volume  of  weather  observations  which  form  high- 
quality  climate  data  bases  archived  by  the  National  Oceanic  and 
Atmospheric  Administration  has  allowed  us  to  actively  pursue  the 
third  step.   Specifically,  we  have  attempted  to  focus  on  some  of 
the  details  of  climate  change  over  the  past  100  years.   At  face 
value  this  may  seem  like  a  relatively  simple  task,  but  it  turns 
out  to  be  extremely  complex.   The  weather  observing  networks 
across  the  globe  were  designed  to  assess  day-to-day  weather 
changes,  not  to  detect  climate  change  —  a  change  that  may  be 
evidenced  by  temperature  differences  of  only  a  few  tenths  of  a 
degree  Celsius. 

Inconsistencies  in  these  networks  have  produced  a  number  of 
biases  in  the  climate  record.   These  biases  must  be  removed 
before  we  can  have  confidence  in  any  trend  that  surfaces.   Some 
examples  of  the  more  serious  biases  that  have  been  introduced 
into  land-based  weather  records  include: 

-  Changes  in  observing  schedules  which  have  been  shown  to 
produce  biases  in  the  mean  temperature  of  up  to  1.0°C  (1.8°F) 

Rapid  increases  in  urbanization  which  can  lead  to  biases  of 
the  mean  temperature  of  over  1.0°C  (1.8°F) 

Changes  in  station  location,  instruments,  instrument  shelters, 
and  height  of  the  instruments  above  ground  have  lead  to  biases  of 
1.0°C  (1.8°F)  or  more. 

Temperature  observations  from  the  oceans  also  contain  a 
number  of  biases.   Sea  surface  temperatures  readings  are 
sensitive  to  the  types  of  containers  used.   Changes  in 
containers,  for  example,  wooden,  metal,  or  canvas  buckets,  and 
intake  tubes  for  engine  cooling,  can  lead  to  biases  over  0.5°C 
(0.9°F).   Marine  air  temperatures  are  also  subject  to  biases 
introduced  by  changes  in  the  mass  of  ocean  ships  and  their  deck 
height  above  sea  level.   Adjustments  in  the  marine  data  have  been 
applied  to  reconstruct  global  temperatures,  but  a  number  of 
assumptions  are  required  to  properly  use  these  corrections. 
Because  of  poor  documentation  regarding  the  types  of 
measurements,  particularly  prior  to  World  War  II,  there  is 
skepticism  concerning  these  assumptions. 

Because  of  the  many  potential  biases  in  various  data,  we 
have  tried  to  make  use  of  one  of  the  most  comprehensive  observing 
networks  on  earth,  namely,  the  weather  observations  that  have 
been  collected  across  North  America,  and  in  particular  the 
observations  of  surface  temperature  over  the  United  States.   We 
have  had  access  to  comprehensive  weather  station  histories  which 
include  information  regarding  changes  in  instrumentation, 
observing  schedules,  population,  station  locations,  and 
instrument  height  above  ground.   We  have  used  this  information  to 
adjust  for  such  changes  made  since  the  turn  of  the  century.   We 
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have  had  access  to  over  1200  stations  which  are  in  computer- 
compatible  format.   This  network  has  been  called  the  Historical 
Climate  Network  (HCN) .   It  is  a  dense  data  set  that,  by 
comparison,  consists  of  about  half  the  number  of  stations  used  to 
study  changes  of  land  surface  temperature  across  the  entire 
globe.   This  still  represents  a  small  fraction  of  total  surface 
area  of  the  earth  and  is  not  an  adequate  sample  for  the  globe. 
The  added  density  and  access  to  comprehensive  station  history 
information  allows  for  a  more  thorough  assessment  of  these 
variables  as  they  effect  the  climate  record  than  other,  lower- 
density  global  data  sets. 

Additionally,  the  HCN  allows  us  to  investigate  changes  in 
the  average  maximum  and  minimum  temperatures,  and  their 
relationship  to  changes  in  cloudiness  and  sunshine  as  measured  by 
sunshine  recorders  and  human  observers.   This  additional  cloud 
vs.  temperature  analysis  is  important  to  understanding  the 
climate  system.   By  far,  atmospheric  water  vapor  is  the  most 
important  greenhouse  gas  on  the  planet,  yet  the  role  of  clouds  is 
among  the  most  significant  uncertainties  in  climate  modelling.   A 
small  increase  in  global  cloudiness  could  ameliorate  most  or  all 
of  the  greenhouse  effect. 

Figure  1  shows  our  analysis  of  the  changes  in  temperature 
across  the  contiguous  United  States  in  four  panels.   The  panels 
show  changes  in  mean  maximum  and  minimum  temperatures,  the 
overall  mean  temperature,  and  the  range  between  the  maximum  and 
minimum. 

The  overall  mean  temperature  in  the  United  States  from  1901 
through  1988  has  increased  0.2°  Celsius  (0.4°  F.).   The  rate  of 
increase,  however,  has  not  been  uniform  over  time.   In  fact,  the 
mean  temperature  of  the  contiguous  United  States  is  better 
described  by  a  significant  warming  of  over  0.6°C  (1.1F)  from  the 
turn  of  the  century  to  the  mid-1930s,  followed  by  a  cooling  trend 
of  about  half  this  amount  since  the  mid-1930s.   Other  scientists, 
including  Dr.  Henry  Diaz  of  NOAA  and  Dr.  Pat  Michaels  of  the 
University  of  Virginia,  have  found  similar  results  for  the  North 
American  continent  using  Canadian  as  well  as  U.S.  data.   The  last 
few  years  of  the  temperature  record  have  been  warm,  but  this 
warmth  has  not  been  of  sufficient  duration  to  establish  a 
significant  trend,  nor  reverse  the  observed  cooling  trend  since 
the  1930s. 

Mean  temperature  trends  only  describe  part  of  the  climate 
picture,  however.   The  trends  of  the  maximum  and  minimum 
temperature  are  of  particular  interest  in  evaluating  greenhouse 
effect.   Since  the  1950s,  the  averaged  minimum  temperature  has 
increased  to  one  of  the  highest  levels  of  the  20th  Century.   The 
nationally-averaged  maximum  temperature,  however,  has  not 
increased.   In  fact,  it  has  decreased  since  the  1930s. 
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Recent  studies  indicate  that  the  increase  of  the  daily  low 
temperatures  and  reduced  daily  high  temperatures  are  related  to  a 
net  increase  in  cloud  cover  over  the  United  States.   Trends 
toward  more  low  clouds,  especially  during  summer  and  fall,  have 
been  observed  since  the  1950s.   Although  we  do  not  know  for 
certain,  it  is  possible  that  the  increase  of  clouds  could  be 
related  to  increases  in  greenhouse  gases.   Whatever  the  cause, 
the  relationship  between  the  increase  in  cloud  cover  and  surface 
temperature  changes  highlights  an  important  climate-system 
interaction  that  we  need  to  better  understand.   Drs.  Ramanathan 
and  Cess  of  the  University  of  Chicago  and  the  University  of  New 
York  recently  used  NOAA  and  NASA  satellite  observations  to 
highlight  this  interaction. 

Our  results  emphasize  the  importance  of  differentiating 
between  changes  of  daytime  (maximum)  and  nighttime  (minimum) 
temperatures.   This  distinction  deserves  more  attention  in 
ongoing  climate  modelling  and  assessments. 

Changes  of  the  mean  temperature  over  the  United  States 
calculated  from  the  HCN  were  compared  to  the  changes  of 
temperature  calculated  over  this  area  in  two  commonly  cited 
global  temperature  data  sets,  one  derived  by  Dr.  James  Hansen  and 
colleges  at  NASA,  and  the  other  by  Dr.  Philip  Jones  of  the 
University  of  East  Anglia.   The  latter  data  set  has  been  referred 
to  as  both  the  Wigley  data  set  and  the  DOE  global  data  set. 

Figure  2  depicts  temperature  changes  in  the  United  States 
from  1900  to  the  1984  period  for  each  of  the  three  data  sets. 
The  trends  are  in  general  quantitative  agreement.   They  all 
depict  a  strong  warming  from  1900  to  the  193  0s,  and  a  cooling 
since  that  time.   However,  the  quantitative  differences  in  the 
trends  are  not  trivial. 

Figure  3  depicts  these  differences  over  time.   If  there  were 
no  biases  present  in  the  data  sets,  the  differences  over  time 
should  be  random.   However,  the  Hansen  data  set  warms  by  nearly 
0.4°C  (0.7°F)  per  century  relative  to  the  HCN  data.  The  Jones 
data  set  warms  by  0.2°C  (0.4°F)  per  century  relative  to  the  HCN 
data  set. 

The  differences  can  be  explained  by  the  increased 
urbanization  in  the  global  data  sets  compared  to  the  HCN.   The 
magnitude  of  the  differences  can  be  predicted  using  a  set  of 
relationships  between  population  and  the  magnitude  of  the  urban 
heat  island  bias  for  the  United  States.   These  relationships 
indicate  that  the  urban  growth  around  the  stations  used  by  Jones 
and  Hansen  has  been  sufficient  to  cause  warm  biases  of  this 
magnitude. 

We  concluded  that  the  bias  in  these  two  global  data  sets 
over  the  United  States  amounts  to  0.4°C  (0.7oF)  per  century  in 
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the  Hansen  data  and  0.2°C  (0.4°F)  in  the  Jones  data.   Since  we 
found  an  overall  warming  of  only  0.2°C  (0.4°F)  since  the  turn  of 
the  century,  we  consider  these  biases  significantly  large. 

We  would  like  to  know  whether  a  similar  bias  exists  in  other 
parts  of  the  globe.   Due  to  a  lack  of  computer-compatible  urban 
and  rural  weather  station  information  in  many  parts  of  the  world, 
we  cannot  accurately  predict  the  magnitude  of  the  bias.   We  know 
from  case  studies  that  the  magnitude  of  the  urban  heat-island 
effect  is  dependent  on  the  climate  of  the  region  in  which  an 
urban  area  is  located,  as  well  as  its  surface  and  geometric 
characteristics.   The  amount  of  anthropogenic  heat  released  from 
the  city,  related  in  part  to  population,  is  also  important. 

My  speculation  is  that  the  urban  bias  is  likely  to  reduce 
the  overall  global  warming  observed  since  the  end  of  the 
nineteenth  century  to  a  value  less  than  0.5°C  (0.9°F),  but  more 
than  0.3°C  (0.5°F).   To  be  more  specific  requires  additional 
computer-compatible  urban  and  rural  station  surface  temperature 
observations  from  other  parts  of  the  globe,  along  with  population 
statistics. 

We  compared  our  North  American  analyses  to  global 
temperature  trends.   Similar  to  North  American  trends,  the 
warming  over  the  globe  since  the  late  nineteenth  century  has  been 
discontinuous,  a  result  not  predicted  by  greenhouse  forcing. 
Statistical  analysis  of  the  data,  ignoring  the  urban  bias, 
indicates  that  the  thermometric  record  is  better  described  by  a 
series  of  trends  that  appear  to  be  more  step-like  than  gradual. 
The  globe  appears  to  have  warmed  0.5°C  (0.9°F)  from  1880  to  1938, 
cooled  0.2°C  (0.4°F)  from  1941  to  1972,  and  then  warmed  0.3°C 
(0.5°F)  since  1972. 

We  do  not  understand  why  the  global  climate  cooled  from  1941 
to  1972  when  greenhouse  gases  were  increasing.   Anthropogenic 
greenhouse  gases  have  increased  about  40  percent  over  the  past 
100  years,  according  to  Dr.  Ramanathan  and  Dr.  Wigley  of  the 
University  of  East  Anglia.   Using  this  figure,  and  accounting  for 
uptake  of  heat  by  the  oceans,  global  warming  over  the  past  100 
years  should  be  in  the  range  of  0.5  to  1.1°C  (0.9  to  2.0°F), 
according  to  climate  models.   After  considering  urban  heat-island 
bias  and  other  data  uncertainties,  the  best  estimates  of  the 
observed  100-year  global  warming  rate  falls  just  short  of  this 
range . 

Climate  fluctuates  on  many  time  scales.   Some  scientists, 
like  Dr.  Lorenz  at  MIT,  have  shown  that  a  nonlinear  system  like 
the  climate  system  may  be  able  to  produce  rapid  changes  of 
temperature  of  magnitude  similar  to  what  we  have  observed  in  the 
recent  decades.   In  fact,  a  recent  model  simulation  by  NASA's  Dr. 
Hansen  depicts  a  rapid  change  of  temperature  of  the  order  of 
several  tenths  of  degrees  Celsius  without  any  changes  in  the 
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external  forcings  of  the  system.   General  global  warming  since 
1973  must  be  examined  in  context  with  these  types  of 
fluctuations. 

The  chaotic  nature  of  climate  could  produce  climate 
fluctuations  which  give  the  appearance  of  either  a  stronger  or 
weaker  greenhouse  effect.   Recent  work  indicates  that  these 
fluctuations  make  it  exceedingly  difficult  to  relate  ongoing 
temperature  changes  over  decades  to  a  specific  cause  without  a 
clear  prior  prediction  of  why  such  a  fluctuation  should  occur. 

In  conclusion,  given  all  the  uncertainties  at  the  present 
time,  I  submit  that  the  observational  record  cannot  be  used  to 
validate  model  predictions  of  a  1.5  to  4.5°C  (2.7  to  8.1°F) 
warming  with  doubled  carbon  dioxide  concentrations  in  the  first 
half  of  the  21st  century.   This  does  not  mean  that  the  data 
invalidate  the  hypothesis.   Instead,  it  implies  that  we  must 
continue  to  improve  our  theoretical  understanding  of  the  climate 
system,  protect  the  integrity  of  our  climatic  data  bases,  and 
continue  our  global  data-recovery  efforts.   These  actions  will 
ensure  our  ability  to  perform  that  critical  third  step  of  the 
scientific  process  —  to  verify  our  climate-change  hypothesis 
with  accurate  physical  measurements.   Only  then  can  we 
objectively  assess  our  predictions  and  modify  our  estimates  of 
global  warming  associated  with  the  greenhouse  effect. 
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SUMMARY 


The  National  Oceanic  and  Atmospheric  Administration's 
Historical  Climatological  Network  over  North  America  is  one  of 
the  best  quality-controlled  climate  data  sets  in  the  world. 
Through  extensive  statistical  analyses  of  these  data,  we  have 
made  the  following  observations: 

1.  The  overall  increase  in  mean  temperature  in  the  United  States 
from  1901  through  1988  has  been  0.2°  Celsius  (0.4°  F.).   The  rate 
of  increase,  however,  has  not  been  uniform  over  time.   In  fact, 
the  mean  temperature  of  the  contiguous  United  States  is  better 
described  by  a  significant  warming  of  over  0.6°C  (1.1F)  from  the 
turn  of  the  Century  to  the  mid-1930s,  followed  by  a  cooling  trend 
of  about  half  this  amount  since  the  mid-19 30s.   The  recent  string 
of  three  warm  years,  1986,  1987,  and  1988,  has  not  been  of 
sufficient  magnitude  to  statistically  reverse  the  cooling  trend 
apparent  in  the  data  since  the  1930s. 

2.  Mean  temperatures  only  tell  part  of  the  story.   Since  the 
1950s,  daytime  highs  have  decreased  in  the  U.S.,  while  nighttime 
lows  have  increased.   We  have  found  that  these  changes  may  be 
related  to  changes  in  cloud  cover. 

3.  Although  climate  models  do  not  suggest  a  smaller  greenhouse 
warming  over  the  United  States  compared  to  the  rest  of  the  globe, 
the  United  States  has  not  experienced  warming  to  the  extent 
predicted  by  the  models.   There  is  some  evidence  that  this,  too, 
may  be  related  to  changes  in  cloud  cover. 

4.  Current  climate  models  predict  that  global  temperatures 
should  have  already  risen  between  0.5  and  1.1°C  (0.9  and  2.0°F). 
However,  global  climate  data  now  show  a  temperature  increase  of 
between  0.5°C  (0.9F)  and  0.7°C  (1.3°F)  over  the  past  100  years, 
depending  upon  the  data  set  used.   Due  to  urbanization,  it  is 
likely  that  the  overall  global  warming  is  significantly  less  than 
indicated  from  certain  data  sets.   In  two  global  temperature  data 
sets  we  found  the  urban  "heat-island  effect"  produces  a  warm  bias 
of  0.2  to  0.4°C  over  the  United  States.   While  the  magnitude  of 
this  bias  for  other  parts  of  global  land-based  data  sets  is 
unknown,  urban  heat  islands  are  not  unique  to  the  United  States. 

5.  Climatic  observations  to  date  cannot  validate  or  invalidate 
model  predictions  of  dramatic  greenhouse  warming  for  the  first 
half  of  the  21st  century.   Contrarily,  these  observations 
underscore  our  lack  of  understanding  of  both  natural  variability 
and  the  planet's  response  to  increasing  greenhouse  gases. 
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Area  Averoge  Annual  Average  Temperature  Anomalies 
Historical  Climate  Network  Areo  Averoge   —  USA 
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Figure  2  The  annual  temperature  deviations  in  the  United  States  from  the 
1901-84  averaging  period  for  three  different  data  sets:  the  U.S. 
Historical  Climate  Network  (HCN),  the  Hansen  data,  and  the  Jones 
data.   Statistically  significant  trends  are  depicted  by  solid  lines. 
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Annuol  Averoge  Temperoture  Anomoly  Differences  ovef  USA 
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Figure  3  The  difference  between  the  annual  temperatures  of  the  Hansen  minus 
HCN  data  and  the  Jones  minus  HCN  data  sets.  A  statistically 
significant  positive  trend  is  indicated  by  the  positive  slope  of  the 
solid  straight  line. 
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Mr.  Sharp.  Thank  you  very  much.  We  will  wait  one  moment 
until  I  get  word  as  to  whether  we  are  going  to  get  that  machine  set 
up  so  it  is  usable.  Dr.  Schneider,  you  are  suggesting  by  your  facial 
expression 

Mr.  Schneider.  If  we  could  show  that  on  a  wall,  that  would  be 
all  right. 

Mr.  Sharp.  Judi  is  checking  right  now.  We  will  just  wait  about  2 
minutes  here. 

Mr.  Schneider.  I  can  say  a  few  things  while  we  are  going  so  I 
don't  waste  the  committee's  time  while  we  are  waiting  for  the  high 
technology  to  arrive. 

Mr.  Sharp.  All  right.  Why  don't  you  go  ahead,  Dr.  Schneider. 

Mr.  Schneider.  Thank  you.  As  is  often  the  case  in  human  af- 
fairs, it  is  frequently  the  administration  rather  than  the  technology 
that  hits  a  snag. 

STATEMENT  OF  STEPHEN  H.  SCHNEIDER 

Mr.  Schneider.  Mr.  Chairman,  it  is  a  pleasure  to  appear  again 
before  you.  You  may  recall  that  it  is  nearly  4  years  to  the  month 
when  you  had  a  hearing  previously  on  the  subject  of  the  green- 
house effect  and,  I  think,  acid  rain  as  well;  the  overall  question  of 
global  scale  atmospheric  pollution. 

It  is  a  special  pleasure  for  me  to  see  so  many  of  your  colleagues 
because  it  was  much  lonelier  for  you,  I  recall,  back  in  1985  sitting 
up  there  alone  relative  to  today.  Also  I  have  noticed  some  people 
standing  in  the  back,  which  was  a  pleasure  that  we  didn't  have 
back  in  1985  at  that  testimony  nor  at  a  number  of  others  I  had  par- 
ticipated in  over  the  last  14  years. 

Mr.  Sharp.  The  rooms  were  empty,  I  think. 

Mr.  Schneider.  I  was  about  to  say  the  audience  about  rivaled  the 
panel  in  size. 

Why  is  it  then,  I  will  ask,  and  I  think  we  know  the  answer,  that 
there  is  such  attention  to  this  issue  now  relative  to  what  there  was 
before.  I  think  the  answer  is  obvious  and  in  some  senses  unfortu- 
nate. The  obvious  part  of  the  answer  is  the  summer  of  1988  coupled 
by  the  massive  media  attention,  which  literally  in  many  articles, 
and  especially  on  local  news  programs,  juxtaposed  the  unusual 
drought  and  heat  of  the  past  summer,  with  the  greenhouse  effect. 

In  fact,  a  number  of  things  had  been  predicted  for  years,  and  we 
discussed  them  in  our  previous  hearing:  the  possibility  of  dry  zones 
in  the  United  States,  the  increasing  probability  of  extreme  heat 
waves,  the  possibility  of  extended  forest  fires,  super  hurricanes, 
flooding  in  India  and  Bangladesh,  and  all  those  events  occurred  in 
the  summer  of  1988.  So  my  business,  unfortunately,  took  on  a 
credibility  perhaps  beyond  that  which  it  deserved. 

What  happened  was  that  a  problem  which  had  15  years  worth  of, 
in  my  view,  good,  solid  physics  that  was  relatively  ignored  all  of  a 
sudden  became  credible  overnight  in  one  essentially  random  event. 

I  think  what  we  have  now  is  the  right  degree  of  public  attention, 
perhaps  for  the  wrong  reasons,  but  in  the  process  of  any  media- 
driven  attention,  excesses  are  not  surprising  and,  in  fact,  have 
marked  this  debate.  Some  of  your  colleagues  have  referred  to  that 
as  well  in  their  opening  remarks. 
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What  I  want  to  do  is  depart  from  my  normal  style  of  testimony, 
which  is  closer  to  my  previous  two  colleagues — and  I  am  indebted 
to  them  for  setting  up  the  scientific  issues  so  well  and  briefly — and 
instead  focus  on  the  assignment  you  gave  me,  which  is  to  try  to  say 
what  is  the  substance  to  the  media  trial,  if  you  will,  of  the  green- 
house effect?  Is  it  warming  or  cooling,  and  is,  in  fact,  that  even  rel- 
evant to  the  basic  questions?  I  will  be  able  to  use  some  slides  for 
that. 

Before  I  do  that,  get  to  my  assignment,  and  while  they  finish  set- 
ting up  the  projection  equipment,  let  me  say  at  the  outset  that 
what  is  it  that  scientists  can  legitimately  do  as  experts?  What  they 
can  legitimately  do  as  experts  is  say  something  about  the  likeli- 
hood of  certain  events  occurring.  In  other  words,  we  can  talk  about 
probabilities  and  consequences.  Scientists  cannot  as  experts  tell 
people  what  to  do  because  what  to  do,  of  course,  is  a  value  judg- 
ment that  is  in  the  realm,  obviously,  of  our  elected  leaders  to  make 
those  decisions. 

We  may  have  personal  opinions,  and  indeed  I  have  them.  I  think 
you  will  find  when  I  discuss  what  the  debate  is  that  one  of  the  con- 
fusions is  the  personal  views  of  a  number  of  scientists,  and  they  are 
entitled  to  those  views,  in  my  opinion,  but  those  personal  opinions 
are  often  confused,  sometimes  by  them,  sometimes  by  the  transla- 
tion through  shortened  articles  on  the  media,  to  where  their  value 
opinions  and  their  expertise  merge.  What  we  have  to  do  is  learn 
how  to  separate  those  two  so  that  the  legitimate  questions  of  scien- 
tific agreement  and  debate  can  be  separated  from  the  value 
choices. 

For  example,  in  the  past — in  about  1  more  minute  I  will  be  ready 
to  show  that  when  he  is  ready  to  set  it  up — in  the  past  we  have 
seen  lots  of  debate  about  whether  or  not  the  warming  of  the  Earth 
in  this  century — and  I  am  sure  Dr.  Michaels  will  address  this  issue 
much  more  extensively  than  I  will — has  been  one-half  degree  or 
one-quarter  degree  or  three-quarters  degree,  Celsius  in  this  case, 
and  what  are  the  complications.  That  debate,  in  my  opinion,  has  in 
a  sense  been  overblown.  It  doesn't  represent  the  reason  for  the 
main  scientific  concern  about  a  greenhouse  effect,  which  is  based 
on  other  physical  principles. 

Speaking  of  physical  principles,  it  appears  that  they  are  about  to 
plug  the  machine  in,  and  I  will  walk  over  there  and  do  my  assign- 
ment, having  stalled  adequately  for  the  past  4  minutes. 

Mr.  Sharp.  A  very  precise,  incessant  filibuster.  We  are  not  in  the 
habit  of  that. 

Mr.  Schneider.  Let  me  briefly  try  to  do  my  assignment,  which 
was  to  clarify  some  of  the  press  debate.  I  apologize  to  those  people 
in  the  audience  behind  the  projector.  I  am  not  sure  that  this  would 
enlighten  you  that  much. 

Let  me  start  with  a  typical  kind  of  an  article  that  followed  in  the 
wake  of  the  stories  that  appeared  in  the  1988  period.  I  remember 
being  on  a  trip  in  Phoenix,  AZ  and  it  was  115°F  that  day,  1°,  I 
think,  short  of  the  all-time  record,  and  I  watched  on  the  evening 
news  that  night  the  discussion  of  the  heat  wave,  and  in  the  same 
breath,  of  course,  the  greenhouse  effect  was  mentioned. 

Now,  it  is  not  unnatural  and  it  is  logical,  I  would  suppose,  that 
given  the  15  years  we  have  been  talking  about  this  issue,  for  people 
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to  make  that  association.  But  generally  the  direct  association  was 
never  made  by  any  scientists  I  am  aware  of.  It  was  mostly  made  in 
the  media,  and  therefore  it  provoked  an  understandable  reaction 
from  a  number  of  scientists  such  as  Pat  Michaels,  who  will  be  up 
next,  who  are  angry  about  the  fact  that  that  association  was,  in 
fact,  overstated,  which  I  think  it  was. 

The  problem  is  you  have  got  articles  like  this:  "Greenhouse 
Effect,  Hot  Air  in  Lieu  of  Evidence."  This  was  written  by  a  statisti- 
cian at  Woods  Hole  named  Andrew  Solow.  I  could  live  with  most  of 
what  he  wrote  since  scientists  are  certainly  entitled  to  argue  about 
evidence  and  that  is  appropriate.  That  is,  in  fact,  the  scientific 
method.  "But  statements  at  congressional  testimony  and  interviews 
in  the  press  are  not  subject  to  peer  review,  and  that  is  how  unsub- 
stantiated and  misleading  statements  come  to  dominate  public  dis- 
cussion," which  was  a  quote  from  his  article.  That  I  don't  like  be- 
cause it  is  innuendo  and  based  more  upon  extrapolation  of  the 
media  coverage  of  hearings  rather  than  anything  else;  plus  no  one 
is  named. 

He  goes  on  to  say,  "And  some  will  say  that  if  we  wait  until  we 
are  sure  about  climate  change,  it  will  be  too  late  to  do  anything 
about  it.  This  argument  applies  equally  to  an  invasion  by  aliens 
from  space."  Now,  indeed  logically  I  happen  to  agree  it  does  apply 
equally.  There  is  only  one  problem.  If  you  recall  at  the  outset  in 
my  filibuster  I  said  that  it  was  incumbent  on  scientists  to  say  some- 
thing about  consequences  but  also  probabilities,  and  I  would  say 
that  most  scientists  would  not  consider  the  probability  of  an  inva- 
sion of  aliens  from  space  equivalent  to  that  of  a  major  change  of 
climate  in  the  future. 

One  is  probably  1  in  10  million,  whoever  knows  what  the  odds 
are  of  alien  invaders,  and  the  other  one  is  better  than  flipping  a 
coin.  So  what  science  can  say  something  about,  as  I  said,  is  prob- 
abilities and  consequences,  and  that  is  what  we  have  to  do. 

Another  article  appeared  recently  in  the  Washington  Post  on 
January  8  by  Pat  Michaels  and  I  won't  spend  much  time  on  it,  be- 
cause he  will  talk  about  it  himself.  The  title — and  I  don't  know, 
Pat,  whether  it  was  yours  or  theirs  because  usually — he  is  shaking 
his  head  that  it  was  not  his.  Usually  titles,  even  on  your  own  arti- 
cles, are  given  to  you  by  the  journal.  It  was  the  "Greenhouse  Cli- 
mate of  Fear."  In  it  Pat  raises  a  number  of  legitimate  scientific  ar- 
guments. I  might  come  out  differently  from  Pat  on  some  of  the  de- 
tails, but  I  think  the  points  are  certainly  legitimate  to  be  raised. 
How  relevant  they  are  to  the  greenhouse  effect  debate  I  will  come 
to  at  the  end. 

One  point  was  in  connection  with  Dr.  James  Hansen's  testimony, 
very  famous  testimony  in  front  of  the  Senate  Energy  Committee, 
that  there  was  a  "99  percent  chance"  that  the  warming  of  the 
1980's — not  the  drought — was  caused  by  the  greenhouse  effect — he 
never  said  that;  he  said  the  warming  of  the  1980's  would  be  associ- 
ated with  the  increase  in  greenhouse  gases.  I  commend  Pat  for 
mentioning  names  as  opposed  to  innuendoes.  He  argued  that  there 
was  a  cooling  in  the  Pacific  and  maybe  1988  wouldn't  be  the  warm- 
est year  even  though  Hansen  had  speculated  in  June  it  might  be. 

Pat  also  mentioned  that  a  number  of  scientists,  Jerome  Namias 
at  Scripps  Institution  of  Oceanography,  and  Kevin  Trenberth,  a  col- 
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league  of  mine  at  the  National  Center  for  Atmospheric  Research, 
were  arguing  that  the  drought,  which  was  caused  by  an  unusual 
pattern  in  the  jet  stream,  was,  in  fact,  due  to  an  unusual  pattern  of 
ocean  temperatures.  Indeed  that  was  true  that  people  were  arguing 
that. 

He  went  on  to  suggest  that  Tom  Karl,  who  I  believe  has  a  writ- 
ten statement  before  this  hearing,  had  pointed  out  that  the  effect 
of  heating  in  cities,  since  cities  have  grown  up  around  thermom- 
eters and  cities  produce  heat,  that  that  led  to  some  artificial  warm- 
ing in  the  record.  This  so-called  urban  heat  island  effect  has  been 
known  for  many,  many  years,  and  both  Hansen  and  the  British 
group,  the  Wigley  and  Jones  group,  have  known  about  this  and 
have  tried  to  correct  for  it,  but  Tom  Karl  had  a  better  data  set  and 
made  some  corrections  of  his  own. 

Pat  made  one  statement  which  we  will  let  him  talk  about  later 
where  he  said  that: 

If  the  effect  of  urbanization  artificial  warming  on  the  temperature  record  aver- 
ages the  same  over  the  rest  of  the  world,  and  there  is  no  reason  to  believe  it  doesn't, 
then  there  may  have  been  no  global  warming  to  speak  of  during  the  last  century. 
Karl's  finding  surprised  none  of  us  who  daily  toil  with  the  data,  but  it  should  be  a 
major  shock  to  those  who  are  using  those  figures  for  policy  purposes.  Is  it  irresponsi- 
ble to  point  this  out  in  public? 

I  will  answer  that,  Pat.  No,  it  is  not. 

But  there  is  more  confusion,  no  doubt,  if  you  read  another  arti- 
cle. This  is  "Research  News"  in  Science,  an  article  by  Richard 
Kerr.  I  don't  know  whether  he  is  responsible  for  the  title,  but  it 
says  "The  Global  Warming  is  Real."  In  it  he  quotes  Tom  Karl  to 
the  effect  that: 

The  long-term  global  warming  is  something  on  the  order  of  0.4°C  during  the  past 
century.  Is  the  bias  0.05°C  or  0.2°C?  The  chances  that  it  is  the  same  as  the  warming 
are  pretty  remote.  It  is  a  matter  of  adjusting  the  rate  of  rise,  not  questioning  the 
rise  itself. 

Tom  Karl  told  me  when  he  was  out  at  my  institution  recently 
that  he  was  inundated  by  a  number  of  press  calls  wanting  him  to 
essentially  be  the  antigreenhouse  person.  He  said: 

That's  not  what  I  am.  I'm  just  simply  trying  to  get  the  numbers  right  and  the 
data,  and  no  matter  how  I  massage  them,  I  can't  make  an  overall  global  trend  dis- 
appear. 

He  also  was  not  arguing  that  he  was  trying  to  make  it  disappear; 
just  simply  doing  what  a  scientist  is  supposed  to  be  doing,  which  is 
trying  to  assess  the  magnitude  of  the  numbers. 

Here  is  the  Trenberth  article  to  which  Pat  Michaels  referred  as 
well  as  a  number  of  other  people.  I  was  distressed  when  this  article 
appeared  because  headline  after  headline  plus  coverage  in  the  elec- 
tronic media  said — I  recall  one  headline  saying  "Summer  of  1988 
not  Caused  by  Greenhouse  Effect  After  All."  What  distressed  me 
was  that  I  don't  know  any  scientists  who  said  it  was. 

Well,  what  Trenberth  said  that  I  wanted  to  point  out  here  is: 

Climate  simulations  indicate  that  a  doubling  of  carbon  dioxide  concentrations 
could  increase  the  frequency  of  summer  droughts  over  North  America.  Thus,  the 
greenhouse  effect  may  tilt  the  balance  such  that  conditions  for  droughts  and  heat 
waves  are  more  likely,  but  it  cannot  be  blamed  for  an  individual  drought. 
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Recently  James  Hansen,  who  wrote  a  response  to  the  Solow  arti- 
cle in  the  New  York  Times,  said — I  will  quote  that,  too.  It  is  in  my 
written  testimony  if  anybody  wants  it: 

As  I  testified  to  the  Senate  during  the  1988  heat  wave,  the  greenhouse  effect 
cannot  be  blamed  for  a  specific  drought,  but  it  alters  the  probabilities.  Our  climate 
model,  tested  by  simulations  of  climate  on  other  planets  and  past  climates  on  Earth, 
indicates  that  the  greenhouse  effect  is  now  becoming  large  enough  to  compete  with 
natural  climate  variability. 

In  other  words,  the  actual  difference  between  what  Trenberth 
said  and  Hansen  said  was  very  little,  yet  there  were  differences  in 
their  views,  but  the  differences  were  extrapolated,  in  my  opinion, 
not  through  a  conspiracy  but  through  the  natural  tendency  in  the 
media  to  focus  on  debate.  It  is  more  exciting. 

You  get  the  general  idea.  I  will  do  two  more  quickly.  Here  was 
an  article,  a  good  article  by  Philip  Shabecoff  in  the  New  York 
Times,  and  he  didn't  write  the  headline  either,  "U.S.  Data  Since 
1895  Failed  to  Show  Warming  Trend."  That  was  January  26,  1989, 
and  lo  and  behold,  on  February  4,  here  is  an  article  by  Phil  again, 
"Global  Warmth  in  1988  Is  Found  To  Set  a  Record."  So  if  any  of 
you  are  confused,  I  am  not  surprised. 

He  points  out  that  Phil  Jones  at  the  University  of  East  Anglia 
has  argued  that  including  urban  heat  island  corrections  and  other 
details — which  are,  by  the  way,  not  easy  to  work  out,  as  you  will 
hear  shortly — it  suggested  that  1988  was,  in  fact,  the  warmest  year 
on  record,  followed  by  1987,  1983,  1981,  1980,  and  1986. 

Now,  is  it  legitimate  to  say  that  the  United  States  hasn't  been 
warming  and  therefore  there  is  no  trend?  I  would  argue  it  is  as  le- 
gitimate to  say  that,  no  global  trend,  as  it  would  be — and  I  will  put 
this  up  here  to  predict  the  outcome  of  a  U.S.  Presidential  election 
by  looking  at  only  a  few  States.  This  map  shows  in  green  the  States 
that  voted  Democratic  in  the  1976  election.  The  blank  are  the  ones 
that  went  Republican.  The  United  States  is  less  than  2  percent  of 
the  world's  area.  So  to  try  to  figure  out  what  happened  in  that 
election,  what  you  would  do  is  pick  two  States  and  then  try  to 
guess  the  trend,  two  States  at  random. 

Clearly  it  is  irrelevant,  from  the  global  point  of  view,  what  hap- 
pened in  two  States.  You  obviously  have  to  have  a  much  larger 
sample  in  order  to  know  who  won  the  election.  But  supposing  I 
picked  1984.  In  1984  you  will  notice  there  is  only  one  green  State, 
so  in  fact  that  is  the  reason  why  I  colored  in  the  Democratic  States. 
It  was  less  work. 

If  you  had  picked  any  two  States  at  random,  you  had  a  pretty 
good  chance  that  you  would  have  gotten  the  global  average,  if  you 
will.  So  what  is  the  metaphor?  The  metaphor,  in  a  sense,  is  obvi- 
ous. It  is  that  if  there  is  a  very  small  trend,  like  one-half  degree 
Celsius  global  warming,  you  are  not  going  to  learn  much  by  look- 
ing at  one  region  over  one  decade  on  0°.  You  need  much  longer- 
term  averages  over  much  wider  spaces  to  be  able  to  have  any  confi- 
dence. 

On  the  other  hand,  if  there  is  a  very  large  signal,  like  2°  warm- 
ing on  a  global  basis,  you  would  be  very  surprised  if  an  area  the 
size  of  the  United  States  didn't  follow  that  trend.  There  may  be  one 
exception,  but  the  number  of  exceptions  will  recede  as  the  signal 
grows. 
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The  metaphor  I  like  best  is  dice.  I  have  been  using  this  for  many 
years.  If  you  ask  what  is  the  probability  of  5  above-95°  days  in  a 
row  in  Washington,  DC  in  July  and  you  go  through  some  statistics, 
you  come  up  with  a  number  that  is  something  on  the  order  of  one 
in  six,  like  one  face  of  a  die.  Now,  if  you  warm  up  by  3°F  and  you 
don't  change  any  of  the  other  characteristics  of  the  climate,  just 
simply  the  average,  then  the  odds  go  to  something  like  three  in  six, 
three  faces  of  the  die.  But  if  you  roll  it  twice,  that  isn't  going  to  tell 
you  anything.  You  could  get  two  hot  ones  and  it  wouldn't  prove  the 
greenhouse  effect. 

What  happens  is  the  more  you  roll,  the  clearer  the  odds  become. 
The  problem  is,  and  this  is  where  the  value  arguments  get  buried, 
the  problem  is  if  we  wait  to  roll  it  long  enough  to  find  out  what  is 
really  happening,  we  do  that  at  the  risk  of  having  to  force  us  and 
other  living  things  to  adapt  to  a  larger  dose  of  change.  That  is 
where  the  policy  debate  comes  in  because  it  isn't  a  question  of  sci- 
entific certainty;  it  is  a  question  of  what  kind  of  risks  do  you  want 
to  take  with  the  planet.  That  is  where  odds  and  probabilities  in 
these  debates  become  important. 

Finally,  let  me  finish  with  saying  what  is  it  that  we  really  know? 
What  can  we  say  about  it?  One  thing  we  know  for  sure  is  the 
greenhouse  effect  is  not  on  trial  in  the  scientific  community.  It  is 
about  as  well  accepted  a  proposition  as  there  is  in  the  atmospheric 
sciences.  Pat's  article  says  that.  Fred  Singer's  article  says  that.  I 
don't  know  anyone  competent  in  atmospheric  physics  who  has  dis- 
puted that. 

I  won't  go  over  what  I  have  shown  on  the  board,  but  we  can  put 
numbers  on  where  the  energy  goes  and  so  forth.  There  are  literally 
millions  of  observations  in  space  and  in  laboratories  which  tell  us 
that  changing  certain  gases  in  the  atmosphere  will  trap  heat  near 
the  surface. 

The  debate  begins  to  brew  over  two  areas,  and  we  have  policy 
control  in  one  of  them.  One  is  what  will  the  trace  gas  component  in 
the  future  be,  and  that  is  an  area  where  this  committee  can  have 
some  impact.  First,  if  we  try  to  project  forward,  what  we  are  look- 
ing at  here  is  present  carbon  dioxide  concentration  around  350 
parts  per  million,  preindustrial  value  around  280,  and  mythical 
doubling  of  CO2. 

When  does  that  doubling  occur?  Well,  if  energy  use  grows  at  2 
percent  per  year,  according  to  these  charts,  which  assumes  that 
half  the  CO2  stays  in  the  air,  then  CO2  doubles  sometime  in  the 
middle  of  the  next  century.  If  it  grows  at  1  percent  per  year,  then 
it  is  stretched  out  to  the  century  after  that.  You  can  even  have  a 
negative  growth  scenario,  which  Amory  Lovins  proposed,  where 
you  reduce  energy  use  by  2  percent  per  year  and  that  stabilizes 
CO2.  If  you  grow  at  a  very  high  rate,  like  3  or  4  percent  growth  per 
year,  then  you  can  double  early  in  the  next  century. 

What  causes  this,  of  course,  as  we  know,  is  the  use  of  coal,  oil, 
and  gas.  Coal  puts  out  twice  as  much  CO2  as  gas,  so  what  you  need 
to  do  is  what  Paul  Ehrlich  and  John  Haldren  called  in  1971  as  the 
"population  multiplier."  The  total  CO2  emissions  is  the  CO2  per 
technology  times  20  other  factors.  As  I  said,  coal  is  twice  as  much 
as  methane,  and  nuclear  and  solar  are  zero  except  for  the  amount 
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of  energy  it  takes  to  build  or  decommission  the  plants.  You  can't 
leave  that  out.  So  we  have  control  over  engineering. 

The  second  term  is  technology  per  capita.  Well,  that  is  politically 
volatile  stuff.  That  is  standard  of  living.  The  third  term  is  popula- 
tion size.  This  is  not  an  ideological  equation;  it  is  a  statement  of 
the  conservation  of  mass:  simply  that  the  total  emission  is  engi- 
neering times  standard  of  living  times  population.  That  means  it  is 
impossible  to  know  the  future  specifically  because  we  don't  know 
what  is  going  to  happen.  That  is  the  bad  news. 

The  good  news  is  that  it  does  say  that  we  have  three  areas 
where,  if  we  chose  to,  we  could  have  policy  impact.  Whether  to 
choose  it  is  a  value  choice,  of  course,  but  we  could  choose  to  have 
policy.  We  could  work  on  any  of  those  three  if  that  were  our  desire 
and  have  some  influence  over  the  outcome. 

What  do  climatologists  do,  recognizing  those  wide  uncertainties? 
They  usually  assume  three  different  values:  a  high,  a  medium,  and 
a  low  growth  scenario.  They  then  add  all  the  uncertainties  due  to 
their  own  sphere,  which  were  mentioned  earlier  by  my  other  col- 
leagues. Even  though  I  am  a  climate  modeler  and  I'm  not  going  to 
talk  about  them,  there  is  about  a  factor  of  2  to  3,  in  my  opinion, 
uncertainty  over  the  global  projections.  So  what  climatologists  typi- 
cally do  is  produce  charts  like  this  which  show  global  temperature 
change  over  time,  0°C,  1°C,  2°C,  3°C. 

Just  to  give  you  perspective,  5°C  is  the  temperature  change  be- 
tween the  end  of  the  last  ice  age  and  the  present.  Two  degrees  is 
about  as  warm  as  the  planet  has  been  during  the  era  of  civiliza- 
tion, this  past  10,000  years.  There  are  three  scenarios.  This  comes 
from  an  international  assessment.  There  is  a  low  one,  where  the 
globe  doesn't  warm  up  much  more  than  one-half  degree;  a  medium 
one,  where  it  warms  up  to  something  on  the  order  of  3°  by  the  end 
of  the  next  century;  and  a  high  one,  which  I  would  not  hesitate  to 
call  catastrophic,  where  it  warms  up  to  5°  in  the  timeframe  of  less 
than  a  century. 

What  are  the  probabilities?  These  are  the  consequences.  What 
are  the  probabilities  of  these  scenarios?  I  wish  I  could  tell  you.  Our 
models  are  very  cloudy  crystal  balls.  I  would  only  simply  say  that  I 
can  give  you  intuitive  ones  based  upon  my  reading  of  the  evidence. 
You  can't  quantify  that  uncertainty.  Presumably  this  one  and  this 
one,  the  high  and  the  low  one,  are  relatively  low,  10  percent.  I 
don't  know.  Who  knows  how  to  really  assign  that?  The  middle  one, 
50  percent?  Flipping  coins? 

It  is  difficult  to  know  the  numbers,  but  it  could  be  in  that  range. 
It  is  not  even  impossible  that  it  could  be  worse  than  that  or  even 
further  down.  It  is  just  simply  as  you  get  further  away  from  the 
middle  scenario,  the  probability  gets  lower. 

Finally,  why  would  we  pay  any  attention  to  the  past  100  years? 
Is  it  really  important  what  has  happened  in  the  last  century?  My 
argument  is:  not  really.  What  has  happened  in  the  last  century  is 
scientifically  interesting,  but  the  magnitude  of  the  change  is  not 
large  enough  that  we  can  really  draw  much  inference  pro  or  con 
about  whether  the  25  percent  increase  of  CO2  is  proved  or  dis- 
proved. It  is  like  trying  to  figure  out  what  the  odds  in  a  die  are  by 
rolling  it  six  times.  You  have  got  to  roll  more. 
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What  gives  us  confidence,  then,  to  get  up  in  front  of  you,  as  I 
have  done  many  times,  or  other  groups  saying  that  we  should  pay 
serious  attention  to  the  future?  Well,  we  have  ways  to  validate 
these  models,  and  it  is  the  physics  I  was  referring  to  in  my  opening 
filibuster,  not  the  performance  of  the  planet  in  the  past  century 
that  gives  me  confidence. 

What  this  map  shows  is  a  very  important  natural  experiment, 
the  temperature  difference  between  winter  and  summer.  This  is  a 
model  and  an  observed  result.  The  model  is  from  the  Geophysical 
Fluid  Dynamics  Laboratory,  a  NOAA  laboratory  in  Princeton,  NJ, 
by  S.  Manabe  and  coworkers. 

Here  let's  look  at  the  observed  map  first.  If  you  take  a  look,  you 
find  a  50°C  temperature  difference  in  Siberia  between  winter  and 
summer.  It's  definitely  an  extreme  change,  maybe  only  2°  to  5°  in 
the  middle  of  oceans,  10°  in  Australia,  about  20°C  to  40°C  in  our 
country. 

How  well  does  the  model  do?  Well,  what  you  are  seeing  in  this 
graph  is  very  typical  of  models.  The  basic  overall  zonal  and  sort  of 
continental-scale  patterns  aren't  too  bad,  but  the  exact  regional  de- 
tails don't  agree  well.  They  do  reproduce  the  40°  but  not  quite  50°. 
The  10°  around  Australia  is  nicely  reproduced. 

This  is  not  direct  validation  but  surrogate  validation.  You  are 
changing  the  amount  of  energy  from  winter  to  summer.  We  all 
know  what  makes  the  seasons  work.  The  question  then  is  how  well 
do  the  models  do?  The  answer  is  they  do  pretty  well.  They  do 
better  than  a  factor  of  two.  Now,  if  we  made  a  major  mistake  in 
how  we  treat  clouds  and  so  forth,  it  would  be  very  difficult  to  get  it 
to  come  out  as  well  as  it  does. 

The  physicist  in  me  is  distressed  because  we  are  getting  reason- 
ably decent — and  when  I  say  reasonably  decent,  I  mean  to  some 
factor  of  two,  maybe  three — answers  for  reasons  that  we  don't  en- 
tirely understand,  and  that  is  very  annoying.  The  engineer  in  me, 
since  I  was  trained  in  both,  is  happy  that  we  have  at  least  some 
calibration  and  the  models  are  not  crazy. 

The  bottom  line,  then,  is  what  we  are  doing  is  changing  the  enve- 
lope of  gases  over  which  people  are  certain  there  has  to  be  a 
change  in  the  heating  of  the  Earth.  No  one  is  disputing  that.  No 
one  is  disputing  the  changes  in  those  gases  or  their  origins  either, 
although  we  argue  a  bit  about  the  numbers.  Where  the  debate 
comes  in  is  what  is  the  magnitude  of  global  change  and  the  timing, 
and  that  typical  1°  to  4°  range  represents  not  all  possibilities  but 
maybe  80  percent  of  the  scientific  community. 

The  press  debate  often  focuses  on  the  20  percent  that  is  on  the 
outliners  because  it  is  more  exciting  rather  than  in  the  middle,  and 
we  need  to  make  sure  we  don't  lose  sight  of  the  fact  that  the  vast 
majority  of  scientists  sees  certainly  an  even  odds,  first  decimal 
place  odds  that  there  could  be  change  of  the  magnitude  of  several 
degrees  into  the  next  century,  perhaps  as  much  as  5°. 

What  that  says  is  that  we  could  be  changing  the  climate  by  as 
much  change  as  it  took  from  the  end  of  the  Ice  Age  to  the  present, 
which  took  10,000  years.  We  could  be  doing  that  in  a  century,  and 
that  is  what  has  me  personally  concerned.  We  are  insulting  the  en- 
vironment, as  was  said  by  our  colleague  at  the  front,  at  a  much 
faster  rate  than  we  are  understanding  what  we  are  doing.  Whether 
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we  should  tolerate  that  without  some  attempt  to  slow  it  down  is 
the  value  judgment  that  we  have  to  face. 

In  my  value  system,  what  we  need  to  do  are  the  kinds  of  actions 
that  have  a  fairly  large  constituency  anyway  and  to  follow  the 
basic  sound  economic  principle  of  high  leverage,  what  we  call  the 
tie-in  strategy.  Don't  do  an  action  that  simply  operates  to  slow 
down  the  greenhouse  effect  by  itself,  but  try  to  pick  those  things 
that  make  some  sense  even  if  the  whole  greenhouse  effect  weren't 
true.  Energy  efficiency  is  mentioned  by  everybody,  development  of 
renewable  alternatives  and  so  forth. 

I  would  argue  that  what  the  greenhouse  effect  does  is  gives  you 
additional  reason  to  do  those  things,  and  given  that  uncertainties 
can  cut  two  ways — remember,  the  uncertainties  are  just  as  likely 
to  make  the  high  scenario  come  true  as  the  low  scenario.  You  also 
are  buying  insurance,  in  this  case  planetary  insurance  against  cat- 
astrophic change,  and  in  my  personal  view,  in  my  value  system, 
that  is  worth  spending  some  present  capital  on.  Thank  you. 

[Testimony  resumes  on  p.  78.] 

[The  prepared  statement  and  attachment  of  Mr.  Schneider 
follow:] 
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Testimony  of 

Stephen  H.  Schneider* 
National  Center  for  Atmospheric  Research** 

GLOBAL  WARNING: 
SCIENTIFIC  REALITY  OR  POLITICAL  HYPE? 

The  summer  of  1988  saw  a  combination  of  events  that  quite  literally 
catapulted  the  "Greenhouse  Effect"  out  of  1vy-covered  halls  of  academe  and  the 
glass  and  stone  of  government  offices  Into  the  public  consciousness.  Major 
drought,  intense  heat  waves,  forest  fires,  a  super  hurricane,  and  flooding  in 
Bangladesh  --  all  the  kinds  of  events  that  had  long  been  forecast  as  associated 
with  global  warming  from  Increasing  greenhouse  gas  buildup  --  occurred  in  that 
year.  For  months,  magazine  covers,  news  broadcasts,  and  newspapers  were 
blanketed  with  stories  of  the  extreme  weather.  These  were  often  juxtaposed 
with  stories  on  the  greenhouse  effect.  It  would  be  hard  for  an 
unscientifically  trained  listener  or  reader  to  have  concluded  anything  other 
than  that  there  was  an  intimate  connection  between  the  bad  weather  of  1988  and 
the  buildup  of  greenhouse  gases  that  had  been  increasingly  discussed  by  a 
number  of  scientists  (myself  included)  for  more  than  15  years.  Was  this 
finally  the  proof  that  these  academic  warnings  had  indeed  come  true?  On 
June  23,  1988,  Dr.  James  Hansen  of  NASA's  Goddard  Institute  for  Space  Studies 
(GISS)  stated  in  front  of  the  Senate  Energy  Committee  that  he  felt  that  there 
was  a  "99%"  chance  that  the  unusually  warm  globally  averaged  temperature 
records  he  and  a  colleague  had  constructed  for  the  1980s  could  not  have 
occurred  by  chance  but  rather  were  the  result  of  the  buildup  of  greenhouse 
gases.  He  went  on  to  point  out  that  increasing  the  global  temperature  would 
increase  the  likelihood  of  extreme  heat  waves  such  as  those  that  were  occurring 
in  1988.  He  never  said  that  the  particular  individual  drought  of  1988  could 
have  been  caused  by  the  greenhouse  effect,  only  that  such  events  would  increase 


*   Any  opinions,  findings,  conclusions,  or  recommendations  expressed  in  this 
testimony  are  those  of  the  author  and  do  not  necessarily  reflect  the  views 
of  the  National  Science  Foundation. 

**  The  National  Center  for  Atmospheric  Research  is  sponsored  by  the  National 
Science  Foundation. 
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1n  likelihood  as  the  planet  heated  up  --  not  a  very  controversial  view,  and  one 
that  had  been  voiced  by  a  number  of  others  (myself  Included)  over  the  past  10 
years.  Unfortunately,  the  widespread  publicity  following  the  drought  in 
general  and  that  hearing  in  particular  erroneously  led  to  the  impression  that 
Hansen  and  many  other  climate! ogists  believed  that  the  greenhouse  effect  was 
responsible  for  the  drought  conditions  1n  1988.  Neither  J1m  Hansen  nor  any 
other  qualified  atmospheric  scientist  I  am  aware  of  has  ever  made  such  a 
statement.  For  example,  1n  a  recent  letter  to  the  New  York  Times  Hansen 
commented  that  "as  I  testified  to  the  Senate  during  the  1988  heat  wave,  the 
greenhouse  effect  cannot  be  blamed  for  a  specific  drought,  but  1t  alters  the 
probabilities.  Our  climate  model,  tested  by  simulations  of  climate  on  other 
planets  and  past  climates  on  Earth,  Indicates  that  the  greenhouse  effect  1s  now 
becoming  large  enough  to  compete  with  natural  climate  variability."  Hansen 
did,  however,  suggest  that  the  warming  trend  in  the  1980s  was  very  likely  to 
have  been  caused  by  the  greenhouse  effect,  and  that  "99%"  statement  was  often 
confused  with  the  idea  that  the  drought  was  caused  by  global  warming.  The 
latter  1s  obviously  absurd,  given  that  the  amount  of  greenhouse  gas  increase 
from  1987  to  1988  is  very  small  relative  to  the  major  climatic  difference 
between  those  two  years. 

The  strongest  statement  one  could  make  responsibly,  given  the 
uncertainties,  1s  that  Increasing  the  global  average  temperature  could  Increase 
evaporation  stress,  thereby  slightly  altering  the  odds  toward  increased 
drought.  However,  as  is  well  known  by  all  atmospheric  scientists,  droughts  are 
generally  a  result  of  unusual  patterns  of  atmospheric  circulation,  whose  causes 
are  not  clear  cut  and  most  often  are  ascribed  to  unusual  temperature  patterns 
in  the  oceans.  Later  in  1988  that  hypothesis  of  cause  and  effect  would  indeed 
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be  reaffirmed  by  calculation  made  by  Kevin  Trenberth  and  colleagues  at  the 
National  Center  for  Atmospheric  Research.  Unfortunately,  many  atmospheric 
scientists  were  unaware  of  the  exact  statements  made  by  Hansen  and  others  who 
had  testified  at  various  hearings  during  the  1988  summer,  and  therefore  they 
accepted  the  widespread  perception  reported  repeatedly  in  the  media  that  such 
witnesses  believed  the  greenhouse  effect  and  the  drought  were  cause  and 
effect.  This  misperceptlon  caused  an  angry  and  understandable 
counterreaction.  For  example,  the  U.S.  National  Climate  Program  office  helped 
to  sponsor  a  workshop  on  climate  trends  at  the  National  Academy  of  Sciences 
that  took  place  on  29  September  1988.  It  focused,  for  example,  on  a  number  of 
difficulties  with  the  observational  record  used  to  reconstruct  global 
temperature  trends.  These  Include  the  fact  that  many  thermometers  have  had 
cities  grow  around  them  which  causes  an  unnatural  urban  heat  Island  effect. 
Other  errors  were  noted,  such  as  stations  that  had  moved  out  to  airports  or  up 
or  down  mountains,  etc.  Shortly  I  will  discuss  the  seriousness  of  these 
Issues. 

At  the  same  time  that  this  meeting  was  taking  place,  the  calculations 
by  Trenberth  and  colleagues  were  announced.  These  suggested  that  unusually 
cool  surface  temperatures  1n  the  equatorial  Pacific  (actually,  the  cool  water 
was  flanked  by  warm  water)  may  have  been  responsible  for  distorting  the  jet 
stream  thereby  steering  storms  up  and  out  of  the  United  States  in  the  spring  of 
1988  and  contributing  to  the  Intense  drought  in  the  summer.  This  result  was 
frequently  cited  in  headline  after  headline  to  the  effect  that  "Drought  of  '88 
not  caused  by  greenhouse  effect  after  all".  Of  course,  Trenberth  never  accused 
any  scientists  of  saying  that  it  was,  but  the  widespread  association  that  was 
created  from  the  summer's  coverage  thereby  led  to  a  backlash  that  was,  in 
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essence,  an  artificial  debate.  For  example,  1n  their  Science  article, 
Trenberth  and  colleagues  quite  rightly  argue  that  "climate  simulations  indicate 
that  a  doubling  of  carbon  dioxide  concentrations  could  increase  the  frequency 
of  summer  droughts  over  North  America.  Thus,  the  greenhouse  effect  may  tilt 
the  balance  such  that  conditions  for  droughts  and  heat  waves  are  more  likely, 
but  it  cannot  be  blamed  for  an  Individual  drought."5  That  statement  is  clearly 
reasonable  and  quite  consistent  with  those  of  Jim  Hansen,  myself,  and  most 
other  scientists  I  am  aware  of  who  speak  on  this  Issue. 

The  trial  by  media  of  the  greenhouse  effect  was  thus  a  nonscientific 
issue  from  the  very  beginning.  Nevertheless,  many  Op  Ed  pieces  continue  to 
appear  from  scientists  and  others  criticizing  the  "hysteria"  being  generated  by 
some  (usually  unnamed)  public  scientists  on  this  Issue.  For  example,  S.  Fred 
Singer  published  a  piece  in  the  30  August  1988  Wall  Street  Journal  entitled, 
"Fact  and  Fancy  on  the  Greenhouse  Effect",  and  Woods  Hole  Oceanographic 
Institution  statistician  Andrew  Solow  had  a  small  piece  in  the  29  December  1988 
International  Herald  Tribune  entitled,  "The  Greenhouse  Effect:  Hot  Air  in  Lieu 
of  Evidence."  But  the  most  visible  recent  such  article,  I  believe,  was  by 
University  of  Virginia  climatologlst  Patrick  Michaels,  whose  article  "The 
Greenhouse  Climate  of  Fear"  appeared  1n  the  Op  Ed  pages  of  the  Washington  Post 
on  8  January  1989.  He  lists  a  number  of  Issues  which  he  believes  were 
improperly  or  underreported  1n  the  press,  giving  examples  of  "a  few  recent 
revelations  that  somehow  got  lost  with  the  ozone".  He  disparaged  Hansen's  June 
testimony  forecasting  that  1988  would  be  the  warmest  year  on  record,  even 
though  recent  evidence  now  suggests  that  indeed  it  was.  Michaels  goes  on  to 
refute  the  greenhouse  explanation  of  drought  by  citing  Trenberth 's  work  to  the 
effect  that  the  drought  of  1988  was  caused  by  cold  tropical  ocean  temperatures, 
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something  that  was  never  doubted  by  other  scientists.  He  cites  the  very  recent 
results  of  NOAA  scientist  Tom  Karl,  who,  Michaels  says,  "arguably  knows  more 
about  regional  climate  variation  than  anyone  1n  the  world."  Michaels  describes 
Karl  as  saying  that  the  NASA-GISS  calculations  for  warming  over  the  United 
States  were  too  high  by  nearly  1°F  this  century  because  of  the  urban  heat 
Island  effect.  Because  of  this,  Michaels  continues,  "there  may  have  been  no 
[his  Italics]  global  warming  to  speak  of  during  the  last  century.  Karl's 
findings  surprised  none  of  us  who  dally  toll  with  the  data.  But  it  should  be  a 
major  shock  to  those  who  are  using  those  figures  for  policy  purposes.  Is  it 
irresponsible  to  point  this  out  in  public?",  Michaels  argued. 

The  results  of  the  Goddard  Institute  for  Space  Studies  (GISS)  and 
Climatic  Research  Unit  (CRU)  are  reproduced  here  as  Figure  1.  The  GISS  record 
shows  a  warming  of  a  little  over  0.8°C  in  the  past  100  years  and  the  CRU  record 
a  global  warming  of  about  0.65°C  over  the  same  period.  Both  include  some  of 
the  same  thermometers,  but  the  CRU  record  adds  an  oceanic  data  set  not  included 
in  the  GISS  record.  Both  groups  were  aware  of  and  had  attempted  to  account  for 
the  artificial  heating  in  urban  areas  due  to  the  growth  of  cities  around  such 
thermometers  during  the  past  century.  The  question,  therefore,  is  how  well 
were  they  able  to  make  corrections  for  this  urban  effect,  and  does  it  indeed, 
as  Michaels  implied,  invalidate  the  notion  that  the  globe  has  been  warming  for 
the  past  century?  Neither  of  these  groups  had  easy  access  to  the  vast  network 
of  rural  stations  that  Tom  Karl  at  the  National  Climate  Center  1n  Ashevllle, 
North  Carolina  did.  Therefore,  Karl  was  able  to  check  the  accuracy  of 
predictions  of  temperature  trends  in  the  United  States  made  by  both  the  GISS 
and  CRU  groups.  What  he  found  was  that  the  GISS  results  had  overestimated  the 
warming  trend  in  the  U.S.  by  a  little  less  than  0.4°C  (30%  less  of  an  error 
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than  Michaels  Implied),  but  the  East  Anglla  group  had  only  overestimated  it  by 
about  0.15°C  Karl  found.  This  GISS  global  record  suggested  a  warming  of  over 
0.8°C  in  the  past  100  years,  and  the  East  Anglla  group  about  0.6°C  or  so. 
Therefore,  if  one  makes  the  very  conservative  assumption  that  the  entire  world 
record  suffers  as  strong  an  urban  heat  island  bias  as  the  United  States,  and 
thus  applies  Tom  Karl's  corrections  to  the  global  record  (even  though  they  only 
apply  to  the  United  States),  then  that  correction  procedure  simply  reduces 
Hansen's  record  and  the  CRU  record  to  about  0.5°C  (.9°F)  global  warming  for  the 
past  century.  This  1s  not  consistent  with  the  frequent  statements  in  the  press 
and  on  Op  Ed  pages  that  urban  biases  are  likely  to  eliminate  the  global  warming 
trend  over  the  past  century.  Moreover,  this  is  not  believed  by  Tom  Karl  or  any 
other  knowledgeable  atmospheric  scientists  I  am  aware  of.  For  example,  in  an 
interview  with  Science  magazine's  science  writer  Richard  Kerr,  Tom  Karl 
commented  that  "the  long-term  global  warming  is  something  on  the  order  of  0.4  C 
during  the  past  century.  Is  the  [urban]  bias  0.05°C  or  0.2°C?  The  chances 
that  it  is  the  same  size  as  the  [global]  warming  are  pretty  remote.  It  is  a 
matter  of  adjusting  the  rate  of  rise,  not  questioning  the  rise  itself,"  Karl 
told  Kerr  (Science  243,  603,  1989).  I  know  that  Tom  Karl  has  been  frustrated 
by  the  frequently  cited  Implication  that  he  somehow  believes  otherwise. 

Another  example  of  an  overblown  debate  with  little  relevance  to  global 
warming  occurred  1n  mid-January  when  a  number  of  Department  of  Commerce 
scientists  (Including  Tom  Karl)  published  a  U.S.  temperature  trend  record  that 
got  widespread  press  coverage.  They  pointed  out  that  there  had  been  no  net 
warming  1n  the  United  States  over  the  twentieth  century.  This,  too,  was 
greeted  with  many  headlines  that  the  greenhouse  effect  has  not  happened  in  the 
United  States.  Good  articles  (albeit  with  questionable  headlines)  appeared  on 
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this  subject,  quoting  a  number  of  sources,  Including  the  authors  of  the  North 
American  study,  to  the  effect  that  the  United  States  occupies  only  a  few 
percent  of  the  world's  area,  and  that  there  are  continental -sized  regions  that 
have  been  warming  substantially,  as  well  as  continental -sized  regions  that  are 
cooling  over  the  past  few  decades.  Therefore,  1t  1s  just  as  foolish  to  draw 
global  inferences  from  looking  at  the  small  fraction  of  the  Earth  represented 
by  the  U.S.  as  1t  would  be  to  try  to  predict  the  outcome  of  a  national  election 
by  looking  at  trends  1n  only  one  or  two  states.  Nevertheless,  an  artificial 
debate  has  grown  over  the  validity  of  the  greenhouse  effect  as  a  result  of  this 
publication. 

What  then,  has  the  debate  visible  to  the  public  to  do  with  the  actual 
scientific  debate?  I'm  afraid  the  answer  is  often  "too  little".  Virtually  all 
atmospheric  scientists  believe  that  the  greenhouse  effect  as  a  scientific 
proposition  1s  well  established  and  essentially  beyond  question.  Pat  Michaels 
also  acknowledges  this  in  his  article,  as  does  Fred  Singer.  The  trapping  of 
heat  near  the  Earth's  surface  from  the  presence  of  gases  such  as  water  vapor, 
carbon  dioxide,  methane,  and  chlorofluorocarbons  has  been  established  from 
literally  millions  of  measurements  over  the  past  century.  It  is  also  beyond 
debate  that  carbon  dioxide  has  increased  about  25%  since  the  industrial 
revolution,  and  methane  substantially  more  than  that.  It  is  also  virtually 
certain  that  the  CCL  increases  are  attributable  to  human  activities, 
principally,  the  burning  of  fossil  fuels  and  deforestation.  There  is 
controversy,  but  it  begins  to  develop  over  how  much  trace  gases  will  increase 
over  the  next  century.  Given  typical  assumptions  of  growth  in  fossil  fuel 
use,  population,  and  standards  of  living  into  the  future,  the  uncertainties  in 
the  greenhouse  gas  projections  are  roughly  a  factor  of  3.  Uncertainty  in  the 
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global  climate  response  to  a  given  increase  1n  trace  gases  in  also  typically  a 
factor  of  2  to  3.  Taken  together,  these  uncertainties  explain  why  most 
national  and  international  assessments  suggest  that  a  warming  somewhere  from  as 
little  as  one  degree  to  as  much  as  10°C  (1.8  -  18°F)  1s  possible  by  the  end  of 
the  next  century.  There  are  a  few  who  believe  that  warming  could  be  even  more 
than  that  or  that  a  cooling  could  be  triggered,  but  these  views  represent  a 
very  small  segment  of  scientists.  Major  assessments  put  the  most  probable 
global  temperature  Increase  over  the  next  50  years  or  so  at  several  degrees 
Celsius.8 

Less  certain  than  projections  of  global  average  temperature  increase 
is  the  regional  distribution  of  climate  changes.  Such  changes  could  have  major 
impact  on  water  resources,  agriculture,  human  health,  navigation,  or  coastal 
planning.  Whether  predictions  of  drying  in  the  midcontinental  United  States 
and  loss  of  comparative  advantage  for  U.S.  agriculture,  which  are  frequently 
inferred  from  climatic  models,  will  be  true  is  simply  not  known  now.  At  the 
present  state-of-the-art,  I  doubt  that  reliable  forecasts  of  regional  climatic 
changes  will  be  available  much  before  20  years.  That  distant  date  might  be 
accelerated  substantially  1f  both  present  and  expanded  research  efforts  were 
carefully  organized,  but  even  then,  we  cannot  guarantee  scientific  consensus  on 
the  reliability  of  regional  predictions  of  climate  change,  even  on  the  time 
frame  of  a  decade.  But  I  believe  it  is  worth  a  try  to  make  the  effort  to 
improve  the  reliability  of  regional  climate  predictions,  for  such  information 
would  help  to  put  evolving  policy  making  on  a  firmer  factual  basis. 


19-324  0-89-3 
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Finally,  the  greatest  lack  of  scientific  consensus  occurs  over  whether 
present  uncertainties  justify  an  immediate  policy  response  --  a  value  judgment, 
not  an  issue  resolvable  by  scientific  methods.  Whether  a  certain  amount  of 
knowledge  justifies  urgent  action  or  delay  depends  on  whether  one  fears  more 
investing  present  resources  as  a  hedge  against  future  change  than  one  fears 
future  change  descending  without  some  attempt  either  to  slow  1t  down  or  make 
investments  to  adapt  to  it  more  effectively.  In  my  value  system,  the  latter  is 
a  clearly  preferable  course,  for  I  am  a  believer  in  insurance  against  potential 
catastrophic  loss  at  both  personal  and  national  levels.  I  am  frequently 
disturbed  when  anyone  argues  for  or  against  some  specific  policy  action  solely 
on  the  basis  of  some  supposed  scientific  knowledge  or  uncertainty.  For 
example,  in  his  New  York  Times  and  International  Herald  Tribune  piece  Andrew 
Solow  mocks  those  who  "say  that  if  we  wait  until  we  are  sure  about  climate 
change,  it  will  be  too  late  to  do  anything  about  1t.  This  argument  applies 
equally  to  an  invasion  by  aliens  from  space.  More  seriously,  this  argument 
neglects  the  costs  of  overreact ion."  Of  course,  what  Solow  neglects  to  make 
explicit  is  that  waiting  for  more  evidence  before  acting  is  his  value 
position.  He  also  fails  (which  is  surprising  for  a  statistician)  to  suggest 
anything  about  the  different  probabilities  between  an  Invasion  of  aliens  from 
space  and  rapid  future  climate  change.  In  my  estimation,  space  invaders  are  no 
more  likely  than  the  collision  of  the  Earth  with  a  large  asteroid  --  which 
would  be  a  catastrophe!  The  odds  of  such  a  collision  are  presently  assessed  at 
something  like  1  chance  in  10  million  each  year.  But  the  odds  of  rapid, 
potentially  unprecedented  --  even  catastrophic  --  climate  change  are  certainly 
in  the  first  decimal  place  of  probability,  and  I  believe  the  likelihood  of 
several  degrees  C  warming  by  50  years  Is  a  better  than  an  even  bet.  In  any 
case,  the  cost  of  over-reaction  is  a  legitimate  issue,  but  so  is  the  cost  of 
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underreaction.  The  policy  process  1s  not  advanced  when  such  Issues  are 
ridiculed  with  hollow  rhetoric.  Instead,  scientists  should  be  asked  to  provide 
what  they  are  technically  competent  to  offer:  estimates  of  specific 
consequences  of  greenhouse  gas  buildups  and  their  likelihoods  of  occurrence. 
Any  statements  beyond  that  are  the  personal  opinions  of  those  scientists. 
Although  I  believe  that  scientists,  like  all  citizens,  are  entitled  to  opinions 
on  how  to  deal  with  those  probabilities  and  consequences,  we  must  always  be 
scrupulous  to  point  out  that  such  opinions  are  personal  value  judgments. 

Finally,  the  more  rapidly  climate  changes  evolve,  the  more  difficult 
it  will  be  for  societies  to  adapt;  and  1t  may  be  impossible  for  natural 
ecosystems  to  adapt  without  substantial  dislocations  or  extinctions  of  some 
species.  The  more  rapidly  greenhouse  gases  build  up,  the  more  difficult  it 
will  be  for  scientists  to  forecast  the  outcome  reliably.  The  less  we  know 
about  the  future  the  less  easily  we  will  be  able  to  adapt  --  or  even  take 
advantage  of  some  of  the  changes  that  will  occur.  Quite  simply,  the  "bottom 
line"  of  the  evolving  greenhouse  gas  buildup  is  that  we  insult  the  environment 
at  a  faster  rate  than  we  can  predict  the  consequences,  and  that  under  these 
conditions,  surprises  are  certain. 

In  order  to  establish  that  the  greenhouse  effect  signal  has  clearly 
been  detected  in  the  climatic  record,  it  is  my  view  that  another  decade  or 
possibly  two  will  be  required  to  be  sure  that  the  warming  of  the  1980s  (which 
do  appear  to  be  the  warmest  decade  recorded  on  a  global  basis)  will  in  fact 
continue  into  the  1990s  and  beyond.  (I  expect  it  will,  but  I  can't  prove  it, 
of  course.)  If  we  choose  to  wait  for  that  added  degree  of  certainty,  then  this 
is  not  a  cost-free  delay,  for  it  must  be  done  at  the  price  of  forcing  us  and 
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other  living  things  to  have  to  adapt  to  a  much  larger  dose  of  change  than  if  we 
were  to  act  today  to  slow  down  the  change  or  to  Invest  affirmatively  to  make 
our  future  adaptations  easier.  Wrangling  over  a  few  tenths  of  a  degree  in  the 
historic  global  temperature  trends  in  this  hemisphere  or  that  will  not  change 
the  fact  that  postponing  action  1s  a  basic  gamble.  Furthermore,  the  nature  of 
regional  climate  fluctuations  and  global  trends  during  the  past  century  are 
very  difficult  to  establish  to  a  high  degree  of  accuracy  because  of  (a)  missing 
or  faulty  temperature  data  as  well  as  (b)  Incomplete  data  on  other  possible 
competitive  causes  of  climate  change,  such  as  changes  in  the  energy  output  from 
the  sun,  human  dust,  or  other  pollutants.  Quite  simply,  the  strongest 
argument  for  concern  about  the  rapid  buildup  of  greenhouse  gases  comes  not  from 
the  small  global  climatic  trends  and  large  regional  climatic  noise  of  the 
recent  past,  but  rather  the  well -validated  nature  of  the  physical  processes 
that  have  long  been  understood  to  accompany  Increases  in  infrared  radiation- 
trapping  (i.e.,  greenhouse)  gases.  Several  pieces  of  strong,  but 
circumstantial,  evidence  suggest  that  climate  change  over  the  next  several 
decades  could  proceed  at  unprecedented  rates.  But  again,  this  cannot  be 
demonstrated  to  have  occurred  on  Earth  beyond  a  reasonable  doubt  without 
another  decade  or  two  of  measurement  and  research.  (And,  again,  waiting  before 
acting  is  not  a  risk-free  gamble.) 

Finally,  1t  is  my  personal  belief  that  we  clearly  know  more  than 
enough  to  actively  pursue  those  actions  which  both  slow  down  the  rate  of 
buildup  of  greenhouse  gases  and  at  the  same  time  help  solve  other  unrelated 
societal  problems  --  what  has  been  called  the  "tie-in  strategy".  Delaying 
rapid  change  can  buy  us  time  to  adapt  more  easily  and  provide  insurance  against 
the  not  remote  possibility  of  catastrophic  rates  of  change.   (Of  course, 
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present  uncertainties  are  as  likely  to  cause  us  to  underpredict  as  to 
overpredict  future  changes.)   In  particular,  individuals,  firms,  and  nations 
should  pursue  those  activities  that  would  make  general  good  sense,  regardless 
of  whether  the  greenhouse  effect  turns  out  to  be  much  less  serious  than 
presently  contemplated.   For  example,   stepped-up  Investments  1n  energy 
production  and  end-use  efficiency,  accelerated  testing  of  non-fossil  fuel 
alternatives,  the  development  of  more  widely  climate-adapted  crop  strains, 
adding  flexibility  to  the  management  of  water  systems,  and  coastal  planning  to 
deal  with  rising  sea  levels  and  storm  surges  all  contribute  to  the  solution  of 
existing  societal  problems  even  without  further  climate  change.  Therefore,  it 
seems  prudent,  1n  my  value  system,  to  consider  implementing  first  those 
policies  which  have  multiple  benefits,  including  that  of  buying  insurance 
against  the  real  possibility  of  large  and  potentially  catastrophic  climate 
change.   Obscuring  this  clear-cut  policy  debate  with  false  dichotomies  or 
scientific  hair-splitting  about  the  nature  of  past  climatic  fluctuations  -- 
variations  that  often  are  unknowable  in  detail  --  seems  to  me  to  detract  from 
the  important  task  of  defining  what  resources  need  to  be  mobilized  to  slow  down 
a  very  rapid  rate  of  global  atmospheric  change.   I  hope  that  recent  shrill  or 
irrelevant  debates  do  not  mask  the  already  large  scientific  consensus  that 
exists  over  the  basic  physical  phenomena  known  as  the  greenhouse  effect,  a 
scientific  proposition  over  which  I  have  heard   virtually  no  scientific 
dissent. 

This  testimony,  so  far,  has  itself  been  distracted  by  the  recent 
banter  over  whether  the  greenhouse  effect  is  scientific  reality  or  political 
hype.  I  regret  the  need  for  addressing  this  side  issue  at  such  length  -- 
hopefully  I  have  put  it  1n  perspective.  In  order  to  present  a  more  orderly  and 
careful  discussion  of  my  views,  a  recent  paper  published  In  Science  1s  attached 
as  an  appendix.  It  presents  1n  much  more  sober  tones  than  this  testimony  (and 
with  many  references)  more  details  on  the  scientific  and  policy  Issues  just 
briefly  touched  on  in  this  testimony. 
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1.  For  example,  see  Stephen  H.  Schneider  and  Randl  Londer,  1984:  The 
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Chapter  8,  p.  294-365;  or  Stephen  H.  Schneider,  Congressional 
Testimony  before  the  U.S.  Senate  Full  Committee  on  Energy  and  Natural 
Resources,  11  August  1988,  Congressional  Record  (1n  press). 

2.  James  E.  Hansen,  1988:  Prepared  Statement,  The  Greenhouse  Effect: 
Impacts  on  Current  Global  Temperature  and  Regional  Heat  Waves.  In 
Greenhouse  Effect  and  Global  Climate  Change.  Hearing  before  the 
Committee  on  Energy  and  Natural  Resources,  U.S.  Senate,  Washington, 
DC,  June  23,  p.  42-79. 

3.  For  example,  L.  0.  Mearns,  R.  W.  Katz,  and  S.  H.  Schneider,  1984: 
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saw  afternoon  temperatures  greater  than  95  F  would  increase  in 
Washington,  D.C.  from  a  present  probability  of  around  1  in  6  to  a 
future  probability  of  around  1  In  2.  In  Des  Moines,  Iowa,  the 
respective  probabilities  would  change  from  1  in  18  to  1  in  5.  These 
changes  in  the  odds  on  "climatic  dice"  are  what  would  be  expected  if 
only  temperature  increased  by  3  F. 

4.  J.  Hansen,  letter  to  New  York  Times.  11  January  1989. 
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East  Anglia,  England,  has  concluded  that  1988  did,  indeed,  set  a 
record  as  the  warmest  global  temperature  year. 

7.  P.  Shabecoff,  U.S.  Data  Since  1895  Fail  to  Show  Warming  Trend,  New 
York  Times.  26  January  1989,  p.  1. 

8.  Please  see  my  recent  article,  Stephen  H.  Schneider,  1989:  The 
Greenhouse  Effect:  Science  and  Policy,  Science  243,  771,  for 
references  to  many  such  assessments.  It  is  attached  to  this  testimony 
as  an  Appendix. 

9.  J.  B.  Smith  and  D.  Tlrpak,  Eds.,  October  1988:  The  Potential  Effects 
of  a  Global  Climate  Change  on  the  United  States:  Draft  Report  to 
Congress.  Vols.  I  and  II,  (Environmental  Protection  Agency, 
Washington,  DC). 

10.  Andrew  Solow,  Greenhouse  Effect:  Hot  Air  1n  Lieu  of  Evidence, 
International  Herald  Tribune.  29  December  1988. 

11.  See  Stephen  H.  Schneider,  1989:  Science.  Ibid.,  pp.  775-776. 
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APPENDIX  1 


The  Greenhouse  Effect:  Science  and  Policy 


Stephen  H.  Schneider 


Global  wanning  from  the  incrcaac  in  grecnhooae  gases 
has  become  a  major  scientific  and  political  issue  daring 
the  past  decade.  That  infrared  radiation  is  trapped  by 
greenhouse  gaaes  and  particles  in  a  planetary  atmosphere 
and  that  the  atmospheric  CO  3  level  has  increased  by  some 
25  percent  since  1850  because  of  fossil  fuel  combustion 
and  land  use  (largely  deforestation)  are  not  controversial; 
levels  of  other  trace  greenhouse  gases  such  as  methane 
and  chlorofiuorocarbons  have  increased  by  even  larger 
factors.  Estimates  of  present  and  future  effects,  however, 
have  significant  uncertainties.  There  have  also  recently 
been  controversial  claims  that  a  global  wanning  signal  has 
been  detected.  Results  from  most  recent  climatic  models 
suggest  that  global  average  surface  temperatures  will 
increase  by  some  2*  to  6*C  during  the  next  century,  but 
future  changes  in  greenhouse  gas  concentrations  and 
feedback  processes  not  properly  accounted  for  in  the 
models  could  produce  greater  or  smaller  increases.  Sea 
level  rises  of  0.5  id  1.5  meters  are  typically  projected  for 
the  next  century,  but  there  is  a  small  probability  of  greater 
or  even  negative  change.  Forecasts  of  the  distribution  of 
variables  such  as  soil  moisture  or  precipitation  patterns 
have  even  greater  uncertainties.  Policy  responses  range 
from  engineering  countermeasures  to  passive  adaptation 
to  prevention  and  a  "law  of  the  ionosphere."  One  ap- 
proach is  to  implement  those  policies  now  that  will  reduce 
emissions  of  greenhouse  gases  and  have  additional  soci- 
etal benefits.  Whether  the  uncertainties  are  large  enough 
to  suggest  delaying  policy  responses  is  not  a  scientific 
question  per  se,  but  a  value  judgment. 


WITHIN  THE  PAST  TEA*  COVia  STOBJES  OF  »OTH  Time 
and  Ncwswttk  have  featured  global  warming  from  the 
greenhouse  effect  and  ozone  depletion  from  industrial 
chemicals.  The  intense  heat,  forest  fires,  and  drought  of  the  summer 
of  1988  and  the  observation  that  the  1980s  arc  the  warmest  decade 
on  record  have  ignited  an  explosion  of  media,  public,  and  govern- 
mental concern  that  the  long  debated  global  warming  has  arrived— 
and  prompted  some  urgent  calls  for  actions  to  deal  with  it.  For 
example,  the  Nabonal  Energy  Policy  Act  of  1988  to  control  carbon 
dioxide  emissions  was  introduced  by  Senator  Wirth  in  August  1988, 
and  hearings  were  held  on  1 1  August.  At  that  hearing,  there  were 
sharply  conflicting  views  about  whether  policy  actions  are  prema- 
ture given  the  many  remaining  scientific  uncertainties  (1,  U). 
Whether  tome  amount  of  scientific  uncertainty  is  "enough"  to 
justify  action  or  delay  it  is  not  a  scientific  judgment  testable  by  any 
standard  scientific  method.  Rather,  it  is  a  personal  value  choice  that 
depends  upon  whether  one  fears  more  investing  present  resources  as 
a  hedge  against  potential  future  change  or,  alternatively,  fears  rapid 
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future  change  descending  without  some  attempt  to  slow  n  down  or 
work  actively  to  make  adaptation  to  that  change  easier.  That  value 
choice  can  only  be  made  efEoenth  by  a  society  in  which  those 
involved  m  the  decision-  making  process  are  aware  of  the  nature  of 
the  rr— tifc  evidence.  The  public  and  governmental  officials  need 
to  know  which  uncertainties  are  reducible,  which  may  not  be 
reducible,  and  how  long  it  might  take  to  narrow  the  reducible 
uncertainties.  Uncertainties  easily  reducible  in  a  few  years  might 
encourage  waiting  before  implementing  policy  whereas  uncertain- 
oes  that  are  unreducible  or  difficult  to  reduce  might  suggest  acting 
sooner.  Of  course,  in  the  short  term  new  research  results  may 
temporarily  increase  uncertainty,  but  with  major  efforts  such  as  the 
proposed  Global  Change  program,  accelerated  progress  will  be 
more  likely  (2).  Therefore,  in  this  uncle  I  discuss  briefly  many  of  the 
scientific  questions  surrounding  the  greenhouse  effect  debate.  At  the 
end  1  will  turn  to  the  issue  of  plausible  responses. 

The  greenhouse  effect,  despite  all  the  cuuuuveuy  that  surrounds 
the  term,  is  actually  one  of  the  most  well-established  theories  in 
atmospheric  science.  For  example,  with  its  dense  CO]  atmosphere, 
Venus  has  temperatures  near  700  K  at  its  surface.  Mart,  with  its  very 
thin  CO:  atmosphere,  has  temperatures  of  only  220  K.  The  primary 
explanation  of  the  current  Venus  "runaway  greenhouse"  and  the 
frigid  Martian  surface  has  long  been  quite  dear  and  straightforward: 
the  greenhouse  effect  (3).  The  greenhouse  effect  works  because  some 
gases  and  parades  in  an  atmosphere  pTeferentiauy  allow  sunlight  to 
filter  through  to  the  surface  of  the  planet  relative  to  the  amount  of 
radiant  infrared  energy  that  the  atmosphere  allows  to  escape  back  up 
to  space.  The  greater  the  concentration  of  "greenhouse"  material  in 
the  atmosphere  (Fig.  1)  (4),  the  less  infrared  energy  that  can  escape. 
Therefore,  increasing  the  amount  of  greenhouse  gases  increases  the 
planer's  surface  temperature  by  increasing  the  amount  of  heat  that  is 
trapped  in  the  lowest  pan  of  the  atmosphere.  What  is  controversial 
about  the  greenhouse  effect  is  exactly  how  much  Earth's  surface 
temperature  will  rise  given  a  certain  increase  in  a  trace  greenhouse 
gas  such  as  CO2 

Two  rccoristructions  of  Earth's  surface  temperature  for  the  past 
century  (Fig.  2)  have  been  made  at  the  Goddard  Institute  for  Space 
Studies  (GISS)  and  Climatic  Research  Unit  (CRU).  Although  some 
identical  instrumental  records  were  used  in  each  study,  the  methods 
of  analysis  were  different.  Moreover,  the  CRU  results  include  an 
ocean  data  set  (6).  These  records  have  been  criticized  because  a 
number  of  the  thermometers  were  in  dry  centers  and  might  have 
measured  a  spurious  warming  from  the  urban  heat  island  (7).  In 
other  cases  thermometers  were  moved  from  dries  to  airports  or  up 
and  down  mountains,  and  some  other  measurements  are  also 
unreliable.  A  critical  evaluation  of  the  urban  heat  island  effect 
suggests  that  in  the  United  States  the  data  may  account  for  nearly 
0.4*C  of  warming  in  the  GISS  record  and  about  0.15*C  warming  in 
the  CRU  record  (S).  Because  the  U.S.  data  from  where  the  urban 
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heat  island  effect  might  be  significant  are  only  a  snail  pan  of  the 
total,  these  corrections  should  not  automatically  be  made  to  the 
entire  global  record.  However,  even  after  such  corrections  for  the 
United  States  are  applied  to  all  of  the  data,  the  global  data  still 
suggest  that  0  5°C  warming  occurred  during  the  past  100  years. 
Moreover,  the  1980s  appear  to  be  the  warmest  decade  on  record; 
1981, 1987,  and  1988  were  the  warmest  years  on  these  records  (S.  6). 


Scientific  Issues  Surrounding  the 
Greenhouse  Effect 

It  is  helpful  to  break  down  the  set  of  issues  known  as  the 
greenhouse  effect  into  a  series  of  stages,  each  feeding  into  another, 
and  then  to  consider  how  policy  questions  might  be  addressed  in  the 
context  of  these  more  technical  stages. 

Projecting  emissions.  Behavioral  assumptions  must  be  made  in  order 
to  project  future  use  of  fossil  fuels  (or  derbrestanon,  because  this  too 
can  impact  the  amount  of  COj  in  the  atmoapocie — it  accounts  for 
about  20%  of  the  recent  total  CO]  injection  of  about  5.5  *  10* 
metric  tons).  The  essence  of  this  aspect  then  is  social  science. 
Projections  must  be  made  of  human  population,  the  per  capita 
consumption  of  fossil  fuel,  deforestation  rates,  reforestation  activi- 
ties, and  perhaps  even  countermeasures  to  deal  with  the  extra  CO? 
in  the  air.  These  projections  depend  on  issues  such  as  the  lit^litwi^ 
that  alternative  energy  systems  or  conservation  measures  will  be 
available,  their  price,  and  their  social  acceptability.  Furthermore, 
trade  in  fuel  carbon  (for  example,  a  Urge-scale  transfer  from  coal- 
rich  to  coal-poor  nations)  will  depend  not  only  on  the  energy 
requirements  and  the  available  alternatives  but  also  on  the  economic 
health  of  the  potential  importing  nations  (9).  This  trade  in  turn  will 
depend  upon  whether  those  nations  have  anVqiiarr  capital  resources 
to  spend  on  energy  rather  than  other  precious  strategic  commod- 
ities—such  as  food  or  fertilizer  as  well  as  some  other  strategic 
materials  such  as  weaponry.  Total  CO;  emissions  from  energy 
systems,  for  example,  can  be  expressed  by  a  formula  termed  "the 
population  multiplier"  by  Ehrtich  and  Holdren  (10) 
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Fig.  1 .  The  greenhouse  effect  arises  because  Earth's  atTnosphcrc  tends  to  trap 
heat  near  the  surface  Water  vapor,  CO},  and  other  trace  greenhouse  gases 
are  relatively  transparent  to  the  visible  and  near-infrared  wavelengths  that 
carry  meat  of  the  energy  of  sunlight,  but  they  absorb  more  efficiently  the 
longer,  infrared  (IR)  wavelengths  emitted  by  Earth.  Hence  an  increase  in  the 
concentraoon  of  greenhouse  gases  tends  to  warm  the  surface  by  downward 
irradiation  of  IR.  as  shown  (The  numbers  are  given  in  terms  of  the 
percentage  each  arrow  represents  relative  to  Earth-averaged  solar  constant, 
about  340  W7m2.)  [Modified  from  (4)) 
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The  first  term  leuicsenu  engineering  effects,  the  second  standard  of 
living,  and  the  third  demography  in  this  version,  which  is  expanded 
from  the  original. 

In  order  to  quantify  future  changes  we  can  make  scenarios  (such 
as  seen  on  Fig.  3)  that  show  alternative  CO?  futures  based  on 
assumed  rates  of  growth  in  the  use  of  fossil  fuels  (U).  Most  typical 
projections  are  in  the  0.5  to  2%  annual  growth  range  for  fossil  ' 
use  and  imply  that  CO}  concentrations  will  double  (to  600  pprnV_ 
the  21st  century  (12,  12a).  There  is  virtually  no  dispute  among 
scientists  that  the  C02  concentration  in  the  atmosphere  has  already 
increased  by  -25%  since  - 1850.  The  record  at  Mauna  Loa 
observatory  shows  that  concentrations  have  increased  from  about 
310  to  more  than  350  ppm  since  1958.  Superimposed  on  this  trend 
is  a  large  annual  cycle  in  which  CO]  reaches  a  maximum  in  the 
spring  of  each  year  in  the  Northern  Hemisphere  and  a  minimum  in 
the  fall.  The  fall  minimum  is  generally  thought  to  result  from 
growth  of  the  seasonal  biosphere  in  the  Northern  Hemisphere 
summer  whereby  photosynthesis  increases  faster  than  respiration 
and  atmospheric  CO]  levels  are  reduced.  After  September,  the 
reverse  occurs  and  respiration  proceeds  at  a  faster  rate  than  photo- 
synthesis and  CO]  levels  increase  (13).  Analyses  of  trapped  air  in 
several  ice  cores  (14)  suggest  that  during  the  past  several  thousand 
years  of  the  present  inrxrglaaal,  CO]  levels  have  been  reasonably 
close  to  the  prcindustrial  value  of  280  ppm.  However,  since  about 
1850,  CO]  has  risen  -25%.  At  the  maximum  of  the  last  Ice  Age 
18,000  yean  ago,  CO]  levels  were  roughly  25%  lower  than 
prdndustrial  values.  The  data  also  reveal  a  close  correspondence 
between  the  inferred  temperature  at  Antarctica  and  the  measured 
CO]  concentration  from  gas  bubbles  trapped  in  ancient  ice  (15). 
However,  whether  the  CO]  level  was  a  response  to  or  caused  the 
temperature  changes  is  debated:  CO]  may  have  simply  served  as  an 
amplifier  or  positive  feedback  mechanism  for  climate  change — that 
is,  less  CO],  colder  temperatures.  This  uncertainty  arises  because  the 
specific  biogeophysical  mechanisms  that  cause  CO]  to  change  m 
step  with  the  climate  are  not  yet  elucidated  (16).  Methane  concent 

oons  in  bubbles  in  ice  cores  also  show  a  similar  dose  relation  wh> ' 

climate  during  the  past  150,000  years  (77). 

Other  greenhouse  gases  like  chloroflucrrocarbom  (CFCs),  CH*, 
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nitrogen  oxidrs,  tropospheric  ozone,  and  others  could,  together,  be 
is  important  as  CO}  in  augmenting  the  greenhome  effect,  but  tome 
of  these  depend  on  human  behavior  and  have  complicated  biogeo- 
chemical  interactions  These  complications  account  for  the  large 
error  bars  in  Fig.  4  ( 18)  Space  does  not  permit  a  proper  treatment 
of  individual  aspects  of  each  non-CO}  trace  greenhouse  gas;  there- 
fore I  reluctantly  will  consider  all  greenhouse  gases  taken  together  as 
"equivalent  COj ."  However,  this  assumption  implies  that  projec- 
oons  for  "COj"  alone  (Fig.  3)  will  be  an  underestimate  of  trie  total 
greenhouse  gas  buildup  by  roughly  a  factor  of  2.  Furthermore,  this 
assumption  forces  us  to  ignore  possible  relations  between  CH,  and 
water  vapor  in  the  stratosphere,  for  example,  which  might  affect 
polar  stratospheric  clouds,  which  are  believed  to  enhance  photo- 
chemical destrucbon  of  ozone  by  chlorine  atoms. 

Projecting  gnmheuse  gas  conunxrattoni  Once  a  plausible  set  of 
scenarios  for  how  much  CO;  will  be  injected  into  the  atmosphere  is 
obtained  the  interacting  biogeochemical  processes  that  control  the 
global  distribution  and  stocks  of  the  carbon  need  to  be  determined. 
Such  processes  involve  the  uptake  of  COj  by  green  plants  (because 
COj  is  the  basis  of  photosynthesis,  more  CO2  in  the  air  means  faster 
rates  of  photosynrhes  is),  changes  in  the  amount  of  forested  area  and 
vegetation  type,  and  how  CO}  fertilization  or  climate  change  affects 
natural  ecosystems  on  land  and  in  the  oceans  (19).  The  transition 
from  ice  age  to  interglacial  climates  provides  a  concictt  example  of 
how  large  natural  dimabc  change  affected  natural  ecosystems  in 
North  America.  This  transition  represented  some  5°C  global  warm- 
ing, with  as  much  as  10*  to  20°C  warming  locally  near  ice  sheets. 
The  boreal  species  now  in  Canada  were  hugging  the  rim  of  the  great 
Laurenade  glacier  in  the  U.S.  Northeast  some  10,000  years  ago, 
while  now  abundant  hardwood  species  were  restricted  to  small 
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refuges  largely  in  the  South.  The  natural  rate  of  forest  movement 
that  can  be  inferred  is,  to  order  of  magnitude,  some  -1  km  per  year, 
in  response  to  temperature  changes  averaging  -1°  to  2*C  per 
thousand  years  (20).  If  climate  were  to  change  much  more  rapidly 
than  dm,  then  the  forests  would  likely  not  be  in  equilibrium  with 
the  climate;  that  is,  they  could  not  keep  up  with  the  fast  change  and 
would  go  through  a  period  of  transient  adjustment  in  which  many 
hard-to-predia  changes  in  species  distribution,  productivity,  and 
CO?  absorptive  capacity  would  likely  occur  (21). 

Furthermore,  because  the  slow  removal  of  CO}  from  the  atmo- 
sphere is  largely  accomplished  through  biological  and  chemical 
processes  in  the  oceans  and  decades  to  centuries  arc  needed  for 
equilibration  after  a  large  pemibabon,  the  rates  at  which  climate 
change  modifies  mixing  processes  in  the  ocean  (and  thus  the  CO} 
residence  time)  also  needs  to  be  taken  into  account.  There  is 
considerable  uncertainty  about  how  much  newly  injected  CO;  will 
remain  in  the  air  during  the  next  century,  but  typical  estimates  put 
this  so-called  "airborne  fraction"  at  about  50%  Reducing  CO: 
emissions  could  initially  provide  a  bonus  by  allowing  the  reduction 
of  the  airborne  fraction,  whereas  increasing  COi  emissions  could 
increase  the  airborne  fraction  and  exacerbate  the  greenhouse  effect 
(22).  However,  this  bonus  might  last  only  a  decade  or  so,  which  is 
the  time  it  takes  for  the  upper  mixed  layer  of  the  oceans  to  mix  with 
deep  ocean  water.  Biological  feedbacks  can  also  influence  the 
amount  of  CO}  in  the  air.  For  example,  enhanced  photosynthesis 
could  reduce  the  buildup  rate  of  CO}  relative  to  that  projected  with 
carbon  cycle  models  that  do  not  include  such  an  effect  (23).  On  the 
other  hand,  although  there  is  about  as  much  carbon  stored  in  the 
forests  as  there  is  in  the  atmosphere,  there  is  about  twice  as  much 
carbon  stored  in  the  soils  in  the  form  of  dead  organic  matter.  This 
carbon  is  slowly  decomposed  by  soil  microbes  back  to  CO}  and 
other  gases.  Because  the  rate  of  this  decomposition  depends  on 
temperature,  global  warming  from  increased  greenhouse  gases  could 
cause  enhanced  rates  of  microbial  decomposition  of  nccromass 
(dead  organic  matter)  (24),  thereby  causing  a  positive  feedback  tlut 
would  enhance  CO;  buildup.  Furthermore,  considerable  methane  is 
trapped  below  frozen  sediments  as  dathrates  in  tundra  and  off 
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Flfl.  2.  A  comparison  of  the  global  surface  temperature  trends  of  the  past  100 
years  constructed  from  land  and  island  stations  and  ocean  surface  tempera 
turc  data  sets  at  the  (A)  Climatic  Research  Unit  and  from  a  similar  set  of 
stations  (minus  the  ocean  surface  temperature  data  set)  at  the  (B)  Goddard 

Institute  for  Space  Studies  (Modified  from  (5,  6)  J 
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Fig.  3.  The  extent  to  which  COj-induced  climaoc  change  will  prove 
significant  in  the  future  depends,  of  course,  on  the  rate  of  injection  of  CO; 
into  the  atmosphere.  This  depends,  in  rum,  on  behavioral  assumptions  as  to 
how  much  fossil  fuel  burning  will  take  place  (biosphcnc  effects  are  neglected 
in  this  graph).  Since  the  end  of  World  War  II,  a  world  energy  growth  rate  of 
about  5  3*  per  year  occurred  until  the  mid-1970s,  the  time  of  the  OrEC 
pnee  hikes.  Rates  have  come  down  substantially  since  then.  The  figure  shows 
projected  CO?  concentrations  for  different  annual  growth  rates  in  fossil 
energy  use,  including  one  for  the  assumption  that  no  increase  in  fossil  encrgv 
uie  occurs  (constant  1975  emission)  and  even  a  "negaove  growth  scenario" 
in  which  encrgv  growth  after  1985  is  assumed  to  be  reduced  by  a  fixed 
amount  (0.2  terra  warts  (TW)  per  year,  which  is  about  2*  of  present 
demand)  each  year  (Modifkd  from  (II)] 
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continental  shelves.  These  dathrates  could  release  vast  quantities  of 
methane  into  the  atmosphere  if  substantial  Arctic  warming  were  to 
take  place  (17,  25).  Already  the  ice  core  data  have  shown  that  not 
only  has  CO;  tracked  temperature  closely  for  the  past  150,000  years, 
but  so  has  methane,  and  methane  is  a  significant  trace  greenhouse 
gas  which  is  some  20  to  30  tones  more  effective  per  molecule  at 
absorbing  infrared  radiation  than  CO;  Despite  these  uncertainties, 
many  workers  have  projected  that  CO]  concentrations  will  reach 
600  ppm  sornebme  between  2030  and  2080  and  that  some  of  the 
other  trace  greenhouse  gases  will  cortinue  to  nse  at  even  taster  rares. 

Esumating  global  dimatic  nspomt  Once  we  have  projected  how 
much  CO]  (and  other  trace  greenhouse  gases)  may  be  in  the  air 
during  the  nen  century  or  so,  we  have  to  estimate  its  dimatic  effect. 
Complications  arise  because  of  interactive  processes;  that  is,  feed- 
back mechanisms.  For  example,  if  added  CO]  were  to  cause  a 
temperature  increase  on  earth,  the  warming  would  likely  decrease 
the  regions  of  Earth  covered  by  snow  and  ice  and  decrease  the  global 
albedo.  The  initial  warming  would  thus  create  a  darker  planet  that 
would  absorb  more  energy,  thereby  creating  a  larger  final  warming 
(26, 27).  This  scenario  is  only  one  of  a  number  of  possible  feedback 
mechanisms.  Clouds  can  change  in  amount,  height,  or  brightness, 
for  example,  substantially  altering  the  climatic  response  to  CO]  {28). 
And  because  feedback  processes  interact  in  the  climatic  system, 
estimating  global  temperature  increases  accurately  is  difficult;  pro- 
jections' of  the  global  equilibrium  temperature  response  to  an 
increase  of  CO]  from  300  to  600  ppm  have  ranged  from  -1.5*  to 
5.5'C.  (In  the  next  section  the  much  larger  uncertainties  surround- 
ing regional  responses  will  be  discussed.)  Despite  these  uncertain- 
ties, there  is  virtually  no  debate  that  continued  increases  of  CO]  will 
cause  global  warming  (29-30). 

We  cannot  directly  verify  our  quantitative  predictions  of  grecn- 
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Fig.  4.  Various  trace  "greenhouse  gases"  contribute  about  as  much  to 
equilibrium  global  warming  (see  right-hand  scale)  as  CO;  for  the  "best" 
estimate  case,  but  uncertainties  in  the  projected  scenarios  of  these  trace  gases 
arc  large  (see  vertical  bars).  Addinonai  uncertainties  in  equilibrium  tempera- 
ture response  from  climate  model  assumptions  are  not  included  in  the  figure 
(Modified  from  (18)1 


house  warming  on  the  basis  of  purely  historical  events  (31); 
therefore,  we  must  base  our  estimates  on  natural  analogs  of  large 
dimatic  changes  and  numerical  climatic  models  because  the  com- 
plexity of  the  real  world  cannot  be  reproduced  in  laboratory  models 
In  the  mathemarjcal  models,  the  known  basic  physical  laws  are 
applied  to  the  atmosphere,  oceans,  and  ice  sheets,  and  the  equations 
that  represent  these  laws  are  solved  with  the  best  computers 
available  (32).  Then,  we  simply  change  in  the  computer  program  the 
effective  amount  of  greenhouse  gases,  repeat  our  calculation,  and 
compare  it  to  the  "contror  calculation  for  the  present  Earth.  Many 
such  global  dimatic  models  (GCMs)  have  been  built  during  the  past 
few  decades,  and  the  results  are  in  rough  agreement  that  if  CO;  were 
to  double  from  300  to  600  ppm,  then  Earth's  surface  temperature 
would  eventually  warm  up  somewhere  between  1*  and  5°C;  the 
most  recent  GCM  estimates  are  from  3.5*  to  5.0*C  (27,  33).  For 
companion,  the  global  average  surface  temperature  (land  and 
ocean)  during  the  Ice  Age  emeu*.  18,000  years  ago  was  only  about 
5*C  colder  than  that  today.  Thus,  a  global  temperature  change  of  1° 
to  2*C  can  have  considerable  effects.  A  sustained  global  increase  of 
more  dun  2*C  above  present  would  be  unprecedented  in  the  era  of 
human  civilization. 

The  largest  uncertainty  in  estimating  the  sensitivity  of  Earth's 
surface  temperature  to  a  given  increase  in  radiative  forcing  arises 
from  the  problem  of  parameterixabon.  Because  the  equations  that 
are  believed  to  represent  the  flows  of  mass,  momentum,  and  energy 
in  the  atmosphere,  oceans,  ice  fields,  and  biosphere  cannot  be  solved 
analytically  with  any  known  techniques,  approximation  techniques 
are  used  in  which  the  equations  are  disarmed  with  a  finite  grid  that 
divides  the  region  of  interest  into  cells  that  arc  several  hundred 
kilometers  or  more  on  a  side.  Clearly,  critically  important  variables, 
such  as  clouds,  which  control  the  radiation  budget  of  Earth,  do  not 
occur  on  scales  as  large  as  the  grid  of  a  general  circulation  model. 
Therefore,  we  seek  to  find  a  parametric  representation  or  parameter- 
ization that  relates  implicitly  the  effects  of  important  processes  that 
operate  at  subgrid-scale  but  still  have  effects  at  the  resolution  of  a 
typical  general  circulation  model.  For  example,  a  parameter  or  pro- 
poraorulirv  coefficient  might  be  used  that  describes  the  average 
cloudiness  in  grid  cell  in  terms  of  the  mean  relative  humidity  in  that  cell 
and  some  other  measures  of  atmospheric  stability.  Then,  the  important 
task  becomes  validating  these  semiempirical  parametcrizations  because 
at  some  scale,  all  models,  no  matter  how  high  resolution,  must  treat 
subgrid-scale  processes  through  parametenzaoon. 

Projecting  regime!  climatic  nspome.  In  order  to  make  useful  estimates 
of  the  effects  of  climatic  changes,  we  need  to  determine  the  regional 
distribution  of  dimatic  change.  Will  it  be  drier  in  Iowa  in  2010,  too 
hot  in  India,  wetter  in  Africa,  or  more  humid  in  New  York;  will 
California  be  prone  to  more  forest  fires  or  will  Venice  flood? 
Unfortunately,  reliable  prediction  of  the  time  sequence  of  local  and 
regional  responses  of  variables  such  as  temperature  and  rainfall 
requires  climatic  models  of  greater  complexity  and  expense  than  are 
currently  available.  Even  though  the  models  have  been  used  to 
estimate  the  responses  of  these  variables,  the  regional  predictions 
from  state-of-the-art  models  are  not  yet  reliable. 

Although  there  is  considerable  experience  in  examining  regional 
changes  [for  example,  Fig.  5  (34)],  considerable  uncertainty  remains 
over  the  probability  that  these  predicted  regional  features  will  occur. 
The  principal  reasons  for  the  uncertainty  are  twofold:  the  crude 
treatment  in  climatic  models  of  biological  and  hydrological  process- 
es (35)  and  the  usual  neglect  of  the  effects  of  the  deep  oceans  (36). 
The  deep  oceans  would  respond  slowly — on  time  scales  of  many 
decades  to  centuries — to  climatic  warming  at  the  surface,  and  also 
act  differentially  (that  is,  nonuruibrmlv  in  space  and  through  time). 
Therefore,  the  oceans,  like  the  forests,  would  be  out  of  equilibrium 
with  the  atmosphere  if  greenhouse  gases  increase  as  rapidly  as 
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typically  ■  projected  and  if  climatic  wanning  were  to  occur  as  fast  as 
2*  »  6*C  during  the  next  century.  This  typical  projection,  recall,  it 
10  to  60  rjma  at  Cut  as  the  natural  average  rate  of  temperature 
change  that  occurred  from  the  end  of  the  Ian  Ice  Age  to  the  present 
warm  period  (that  it,  2*  to  6*C  warming  in  a  century  from  human 
activities  compared  to  an  average  natural  wanning  of  1*  to  2*C  per 
millennium  from  the  waning  of  the  Ice  Age  to  the  establishment  of 
the  present  if";'*™'  epoch)  (TT).  If  the  oceans  are  out  of 
equilibrium  with  the  atmosphere,  then  specific  regional  forecasts 
hkr  mat  of  Fig.  5  will  not  have  much  credibility  until  fully  ooupkd 
amiocphere-ocean  modeli  are  tested  and  applied  (3S).  The  deveiop- 
ment  of  such  models  it  a  formidable  scientific  and  computational 
task  and  is  still  not  very  advanced. 

VilidMieii  ofdmtbc  maUJenastt.  Of  course,  it  is  appropriate  to 
ask  how  climatic  models'  predicoont  of  unprecedented  climatic 
change  beyond  the  nest  several  decades  might  be  verified.  Can 
society  make  trillion  dollar  decisions  about  global  economic  devel- 
opments based  on  the  projections  of  these  admittedly  curry  crystal 
balls?  How  can  models  be  verified? 

The  first  verification  method  is  checking  the  ability  of  a  model  to 
simulate  today's  climate.  Reproduction  of  the  seasonal  cycle  is  one 
critical  test  because  these  natural  temperature  changes  are  several 
times  larger,  on  a  hemispheric  average,  than  the  change  from  an  ice 
age  to  an  mtngl*'""1  period  or  a  projected  greenhouse  warming. 
Also,  "fast  physio"  such  as  doud  paramctcmations  can  be  tested  by 
seasonal  «in«»l«inni  or  weather  forecasts.  Global  climate  models 
generally  map  the  seasonal  cycle  well  (Fig.  6)  (39),  which  suggests 
that  fast  physics  is  not  badly  simulated  on  a  global  basis.  However, 
successful  reproduction  of  these  seasonal  patterns  are  not  enough 
that  strong  validation  can  be  claimed.  Precipitation,  relative  humid- 
ity, and  the  other  variables  need  to  be  checked.  Reproduction  of  the 
change  in  daily  variance  of  these  variables  with  the  seasons  is  another 
tough  test  (40).  The  seasonal  tests,  however,  do  not  indicate  how 
well  a  model  simulates  such  medium  or  slow  processes  as  changes  in 
deep  ocean  circulation  or  ice  cover,  which  may  have  an  important 
effect  on  the  decade  to  century  time  scales  during  which  the  COj 
concentration  is  ripnitd  to  double. 

A  second  verification  technique  is  isolating  individual  physical 


components  of  the  -w-wi>^  Bach  as  its  paramctcTizaoons,  and  testing 
them  against  high  resolution  submodels  and  actual  data  at  high 
resolution.  For  example,  one  can  check  whether  a  parameterized 
evaporation  matches  the  observed  evaporation  of  a  particular  cell 
But  chit  technique  cannot  guarantee  that  the  complei  interactions  of 
many  individual  model  components  are  treated  properly.  The  model 
may  predict  average  cloudiness  well  but  represent  doud  feedback 
poorly.  In  this  case,  sirnulabon  of  overall  dimabc  response  to 
increased  CO,  is  likely  to  be  inaccurate.  A  model  should  reproduce 
to  better  than,  say,  25%  accuracy  the  flow  of  thermal  energy 
between  the  itrnotnhrrc,  surface,  and  space  (Fig.  1).  Together, 
these  energy  flows  comprise  the  well-established  encTgy  balance  of 
Earth  sod  rpntw"^  a  formidable  and  necessary  test  for  aD  models. 
A  third  method  for  determining  overall  simulation  skill  is  the 
model's  ability  to  reproduce  past  dimares  or  climates  of  other 
planets.  Pakodsmaoc  simulations  of  the  Mesozoic  Era,  glaoal- 
mtrrglaaal  cycles,  or  other  extreme  past  dimares  help  m  understand- 
ing the  coevoruoon  of  Earth's  climate  with  living  things.  They  are 
valuable  for  the  estimation  of  both  the  climatic  and  biological  furure 

(<!)■ 

Overall  validation  of  <-titnatv-  models  thus  depends  on  constant 
appraisal  and  reappraisal  of  performance  in  the  above  categories. 
Abo  important  are  a  model's  response  to  such  century-long  forcings 
as  the  25%  increase  in  CO?  concentration  and  different  increases  in 
other  trace  greenhouse  gases  since  the  Industrial  Revolution. 

Most  recent  climatic  models  predict  that  a  warming  of  at  least  1*C 
should  have  occurred  during  the  past  century.  The  precise  "forecast" 
of  the  past  100  yean  also  depends  upon  how  the  model  accounts  for 
such  factors  as  changes  in  the  solar  constant  or  volcanic  dust  as  well 
as  trace  greenhouse  gases  in  addition  to  CO?  (42).  Indeed,  the 
typical  prediction  of  a  1°C  warming  is  broadly  consistent  but 
somewhat  larger  than  that  observed  (see  Fig.  2).  Possible  explana- 
tions for  the  discrepancy  include  (43):  (i)  the  state-of-the-art  models 
are  too  sensitive  to  increases  in  trace  greenhouse  gases  by  a  rough 
factor  of  2;  (ii)  modelers  have  not  properly  accounted  for  such 
competitive  external  forcings  as  volcanic  dust  or  changes  in  solar 
energy  output;  (iii)  modelers  have  not  accounted  for  other  external 
forcings  such  as  regional  tropospheric  aerosols  from  agricultural. 


Fig.  6.  COrinduced  change  in  soil  moisture  expressed  as  a  percentage  of  toil 
moisture  obtained  from  a  computer  model  with  doubled  CO]  compared  to  a 
control  tun  with  normal  COj  amounts  Note  the  nonuniform  response  of 
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biological,  and  industrial  activity;  (rv)  rnodclcrs  have  not  property 
accounted  for  internal  processes  that  could  lead  to  stochastic  (44)  or 
chaotic  (45)  behavior,  (v)  modcicn  have  not  properly  accounted  far 
the  large  heat  capacity  of  the  ocean*  taking  up  aome  of  the  heating  of 
the  greenhouse  effect  and  delaying,  but  not  nlrinurrly  reducing, 
wanning  of  the  lower  atmosphere,  (vi)  both  present  models  and 
observed  climatic  trends  could  be  correct,  but  models  arc  typically 
ran  for  equivalent  doubling  of  the  COj  ccacentranori  whereas  the 
world  tut  only  experienced  a  quarter  of  this  increatc  and  nonlinear 
processes  have  been  properly  modeled  and  produced  a  sensitivity 
appropriate  far  doubling  but  not  for  25%  increase;  and  (vu)  the 
incomplete  and  inhomogencous  network  of  thennometen  has 
lUhni^ww"— *"  actual  global  warming  this  century. 

Despite  this  array  of  ctcuics  why  observed  global  temperature 
trends  in  the  past  century  and  those  antiriparrrl  by  most  GCMs 
disagree  somewhat,  the  twofold  discrepancy  between  predicted  and 
measured  temperature  changes  is  not  large,  but  still  of  concern.  Thss 
rough  validation  is  reuifonxd  by  the  good  ajmnhrion  by  most 
dimatk  models  of  the  seasonal  cycle,  diverse  ancient  palendrmates, 
hot  conditions  on  Venus,  cold  condition:  on  Man  (both  well 
simulated),  and  the  present  distribution  of  dimates  on  Earth.  When 
taken  together,  these  veriScabons  provide  strong  circumstantial 
evidence  that  the  current  modeling  of  the  sensmvhy  of  global 
surface  leuipcialure  to  given  increases  in  greenhouse  gases  over  the 
next  50  years  or  so  is  probably  valid  within  a  rough  factor  of  2. 
Most  dirnatologists  do  not  yet  proclaim  that  the  observed  tempera- 
ture changes  this  century  were  caused  beyond  doubt  by  the  green- 
house effect.  The  relation  between  the  observed  century-long  trend 
and  the  predicted  warming  could  still  be  chance  occurrences,  or 


other  factors,  such  as  sour  constant  variations  or  volcanic  dust,  may 
not  have  been  accounted  for  correctly  during  the  past  century— 
except  durmg  the  past  decade  when  accurate  measurements  begin  to 
be  made. 

Another  decade  or  two  of  observations  of  trends  in  Earth'* 
climate,  of  course,  should  produce  signal-to-notse  ratios  sufficra 
high  that  we  will  be  able  to  derrrrnirr  conclusively  the  validit) 
present  frrirf*'"  of  climatic  sensravrry  to  increasing  trace  green- 
house gases.  That,  however,  is  not  a  cost-free  enterprise  because  a 
greater  amoanl  of  change  could  occur  then  than  if  actions  were 
undertaken  now  to  slow  down  the  buildup  rate  of  greenhouse  gases. 

Semanat  of  the  tmiiiMumnul  impaa  e/COj.  Given  a  set  of  scenarios 
for  Iggjonal  <*"««~-  change  we  must  next  estimate  the  impacts  on 
the  environment  and  society  (46. 47).  Most  researchers  have  focused 
on  the  direct  effects  of  COj  increases  or  used  model-predicted  maps 
of  temperature  and  rainfall  patterns  to  estimate  impacts  on  crop 
yields  or  water  supplies  (29a,  X,  4S,  49).  Also  of  concern  is  the 
potential  chat  taii)xiarure  increases  will  alter  the  range  or  numbers  of 
peso  that  affect  plants,  or  djaata  that  threaten  animals  or  human 
health  (50,  50a).  Also  of  interest  arc  the  effects  on  unmanaged 
ecctfvsterm,  principally  forests.  For  example,  ecologBO  are  concerned 
that  the  destruction  rate  of  tropical  forests  attributed  to  human 
tgpttmon  it  eroding  the  genetic  diversity  of  the  planet  (51).  That  is, 
because  the  tropical  forests  are  in  c  sense  major  banks  for  the  bulk  of 
living  generic  materials  on  Earth,  the  world  is  losing  some  of  its 
irreplaceable  biological  resources  through  rar^  development.  Substan- 
tial changes  in  tropical  rainfall  have  been  predicted  on  the  basis  of 
dirnanc  models;  reserves  (or  refugia)  that  are  currently  set  aside  as 
minimal  mhirinm  fhr  me  preservation  of  some  generic  resources  into 


Fig.  6.  A  tfiree-diincDsiarial  climate  modd  has 
been  used  to  compute  the  winter  to  summer 
temperature  extremes  all  over  the  globe.  The 
model's  performance  can  be  verified  against  the 
observed  data  shown  below.  This  verification 
exercise  shows  that  the  model  quite  impressively 
reproduces  many  of  the  features  of  the  seasonal 
cycle.  Their  seasonal  temperature  differences  are 
mostly  larger  than  those  occurring  between  ice 
ages  and  interglacials  or  for  any  plausible  future 
carbon  dioxide  change.  Although  this  approach 
cannot  validate  models  for  processes  occurring  on 
medium  to  long  rime  scales  (greater  than  1  year), 
they  arc  very  encouraging  for  validating  to  a 
rough  factor  of  2  such  "fast  physics"  paramatcn- 
xarions  like  clouds.  [Modified  from  (39)] 
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the  future  mav  not  even  be  is  effective  as  currently  planned  (52). 

Climate  changes  resulting  from  greenhouse  gas  increases  could 
abo  significantly  affect  water  supply  and  demand.  Far  example,  a 
local  increase  in  temperature  of  several  degrees  Celsius  could  de- 
crease  runoff  in  the  Colorado  River  Basin  by  tens  of  percent  (25, 4g). 
A  stud)'  (S3)  of  the  vulnerability  to  climate  change  of  various  water 
s  resource  regions  in  the  United  States  showed  that  some  regions  are 
quite  vulnerable  to  climatic  changes  (Table  1). 

Water  quality  will  be  diminished  if  the  same  volume  of  wastes  are 
discharged  through  decreased  stream  flow.  In  addition,  irrigation 
demand  (and  thus  pressure  on  ground-water  supplies)  may  increase 
substantially  if  temperatures  increase  without  concomitant  offsetting 
increases  in  precipitation.  A  number  of  climate  models  suggest  that 
temperatures  could  increase  and  precipitation  dun  in  nmuha- 
neousty  in  several  areas,  including  the  central  plains  of  the  United 
States.  Peterson  and  Keller  (54)  estimated  the  effects  of  a  3*C 
warming  and  a  10%  precipitation  change  on  U.S.  crop  production 
based  on  crop  water  needs.  The  greatest  impact  would  be  in  the 
western  states  and  the  Great  Plains,  less  in  the  Northwest.  The 
warm,  dry  combination  would  increase  depletion  of  streams  and 
reduce  viable  acreage  by  nearly  a  third  in  the  arid  regions.  New 
supplies  of  water  would  be  needed,  threatening  ground  water  and 
the  viability  of  agriculture  in  these  regions.  On  the  other  hand, 
farmers  in  die  East,  and  particularly  in  the  Southeast,  might  profit  if 
the  depletion  of  eastern  rivers  were  relatively  less  severe  than  that  in 
the  West  or  the  Plains.  However,  increases  in  the  efficiency  of 
irrigation  management  and  technological  improvements  remain 
achievable,  and  would  help  substantially  to  mitigate  potential 
negative  effects.  Drying  in  the  West  could  also  markedly  increase  the 
incidence  of  wildfires,  which  in  turn  could  act  as  agents  of  ecological 
change  as  climate  changes. 

Most  workers  project  that  an  increase  in  global  temperature  of 
several  degrees  Celsius  will  cause  sea  level  to  rise  by  0.5  to  1.5  m 
generally  in  the  next  50  to  100  years  (55);  such  a  rise  would 
endanger  coastal  settlements,  esruarine  ecosystems,  and  the  quality 
of  coastal  fresh  water  resources  (56,  57). 

Economic,  social,  and  political  impacts.  The  estimation  of  die  distribu- 
tion of  economic  "winners  and  losers,"  given  a  scenario  of  dimadc 
change,  involves  more  than  simply  looking  at  the  total  dollars  lost 
and  gained — were  it  possible  somehow  to  make  such  a  calculation 
credibly!  It  also  requires  looking  at  these  important  equity  ques- 
tions: "who  wins  and  who  loses?"  and  "how  might  the  losers  be 
compensated  and  the  winners  charged?"  For  example,  if  the  Corn- 
belt  in  the  United  Sates  were  to  "move"  north  and  east  by  several 
hundred  kilometers  from  a  warming,  then  a  billion  dollars  a  year  lost 
in  Iowa  farms  could  well  eventually  become  Minnesota's  billion 
dollar  gain.  Although  some  macro-economists  viewing  this  hypo- 
thetical problem  from  the  perspective  of  the  United  States  as  a 
whole  might  see  no  net  losses  here,  considerable  social  consternation 
could  be  generated  by  such  a  shift  in  dimadc  resources,  particularly 
smce  the  cause  was  economic  activities  (that  is  COj  production)  that 
directed  differential  costs  and  benefits  to  various  groups.  Moreover, 
even  the  perception  chat  the  economic  actrvides  of  one  nation  could 
create  climatic  changes  that  would  be  detrimental  to  another  has  the 
potential  for  disrupting  international  relations — as  is  already  occur- 
ring in  the  case  of  acid  rain.  In  essence,  what  greenhouse  gas- 
induced  environmental  changes  create  is  an  issue  of  "redistributive 
justice." 

If  a  soil  moisture  decrease,  such  as  projected  for  the  United  States 
in  Fig.  5  were  to  occur,  then  it  would  have  disturbing  implications 
for  agriculture  in  the  U.S  and  Canadian  plains.  Clearly,  present 
farming  practices  and  cropping  patterns  would  have  to  change.  The 
more  rapidly  the  climate  changed  and  the  less  accurately  the  changes 
were  predicted  (which  go  together),  the  more  likely  that  the  net 


changes  would  be  detrimental  It  has  been  suggested  that  a  future 
with  soil  moisture  change  like  that  shown  in  Fig.  5  could  translate  to 
a  lots  of  comparative  advantage  of  U.S.  agricultural  products  on  the 
world  market  (58).  Such  a  scenario  could  have  substantial  economic 
and  security  implications.  Taken  together,  projected  climate  changes 
into  the  next  century  could  have  major  impacts  on  water  resources, 
sea  level,  agriculture,  forests,  biological  diversity,  air  quality,  human 
health,  urban  infrastructure,  and  ekctnary  demand  (29a,  JO,  41,  SO, 
51,  59). 

Poluy  ttsponsa.  The  last  stage  in  diagnosing  the  greenhouse  effect 
amen  us  the  question  of  appropriate  policy  responses.  Three  classes 
of  acboru  could  be  considered  First,  engineering  countermeasures: 
purposeful  intervenbons  in  the  environment  to  minimize  the  poten- 
tial effects  [for  example,  deliberately  spreading  dust  in  the  strato- 
sphere to  reflect  some  extra  sunlight  to  cool  the  climate  as  a  counter- 
measure  to  the  inadvertent  CO?  warming  (60)].  These  countermea- 
sures suffer  from  the  immediate  and  obvious  flaw  that  if  there  is 
admitted  uncertainty  associated  with  predicting  the  unintentional 
consequences  of  human  activities,  then  likewise  substantial  uncer- 
tainty surrounds  any  deliberate  dimadc  modification.  Thus,  it  is 
quite  possible  that  the  unintentional  change  might  be  overestimated 
by  computer  models  and  the  intentional  change  underestimated,  in 
which  case  human  intervention  would  be  a  "cur  worse  than  the 
disease"  (61).  Furthermore,  the  prospect  for  imernabonal  tensions 
resulting  from  any  deliberate  environmental  modifications  is  stag- 
gering, and  our  legal  instruments  to  deal  with  these  tensions  is 
immature  (62).  Thus,  acceptance  of  any  substantial  climate  counter- 
measure  strategies  for  the  foreseeable  future  is  hard  to  imagine, 
particularly  because  there  are  other  more  viable  alternatives. 

The  second  class  of  policy  action,  one  that  tends  to  be  favored  by 
many  economists,  is  adaptation  (63).  Adaptive  strategists  propose  to 
let  sodety  adjust  to  environmental  changes.  In  extreme  form,  some 
believe  in  adaptation  without  attempting  to  mitigate  or  to  prevent 
the  changes  in  advance.  Such  a  strategy  is  based  partly  on  the 
argument  that  sodety  will  be  able  to  replace  much  of  its  infrastruc- 
ture before  major  climatic  changes  materialize,  and  that  because  of 
the  large  uncertainties,  we  are  better  off  waiting  to  see  what  will 
happen  before  making  potentially  unnecessary  investments.  Howev- 
er, it  appears  quite  likely  that  we  are  already  committed  to  some 
climatic  change  based  on  emissions  to  date,  and  therefore  some 
anticipatory  steps  to  make  adaptation  easier  certainly  seems  prudent 
(64).  We  could  adapt  to  climate  change,  for  example,  by  planting 
alternative  crop  strains  that  would  be  more  wider)'  adapted  to  a 
whole  range  of  plausible  climatic  futures.  Of  course,  if  we  do  not 
know  what  is  coming  or  we  have  not  developed  or  tested  the  seeds 
yet,  we  may  well  suffer  substantial  losses  during  the  transition  to  the 
new  climate.  But  such  adaptations  are  often  recommended  because 
of  the  uncertain  nature  of  the  specific  redistributive  character  of 
future  climatic  change  and  because  of  high  discount  rates  (65). 

In  the  case  of  water  supply  management,  the  American  Assoda- 
tion  for  the  Advancement  of  Sdence  pand  on  Climate  Change  made 
a  strong,  potentially  controversial,  but,  I  believe,  rather  obvious 
adaptive  suggestion:  governments  at  all  levels  should  reevaluate  the 
legal,  technical,  and  economic  components  of  water  supply  manage- 
ment to  account  for  the  likelihood  of  climate  change,  stressing 
efficient  techniques  for  water  use,  and  new  management  practices  to 
increase  the  flexibility  of  water  systems  and  recognizing  the  need  to 
reconsider  existing  compacts,  ownership,  and  other  legal  baggage 
associated  with  the  present  water  system.  In  light  of  rapid  climate 
change,  we  need  to  reexamine  the  balance  between  private  rights 
and  the  public  good,  because  water  is  intimately  connected  with 
both.  Regional  transfers  from  water-abundant  regions  to  water- 
defident  regions  are  often  prohibited  by  legal  or  economic  impedi- 
ments that  need  to  be  examined  as  part  of  a  hedging  strategy  for 
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adapting  mac  effectively  to  the  prospect  of  dimatic  change  even 
though  regional  details  cannot  now  be  reliably  forecast  (66). 

Finally,  the  most  active  policy  category  is  prevention,  which  could 
take  the  form  of  sulfur  scrubbers  in  the  case  of  acid  rain,  abandon- 
ment  of  the  use  of  chlorofluorocarbons  sad  other  pnrmrial  caone- 
reducing  gases  (particularly  those  that  also  enhance  global  wann- 
ing), reduction  in  the  amount  of  fossil  fuel  used  around  the  world  or 
fossil  fuel  switching  from  more  CO*-  sod  SOrproduong  coal  to 
deaner,  less  polluting  methane  fuels.  Prevention  policies,  often 
advocated  by  environmentalists,  are  controversial  rrramr  they 
involve,  in  some  cases,  substantial  immediate  investments  as  insur- 
ance against  the  possibility  of  large  future  environmental  change, 
change  whose  details  cannot  be  predicted  precisely.  The  sons  of 
preventive  policies  that  could  be  rrmmiAmw^t  (n.  jbmbmjm  the 
efficiency  of  energy  production  and  end  use,  the  development  of 
akemanve  energy  systems  that  arc  not  fossil  fuel-based,  or,  in  a  far- 
reaching  proposal:  a  Taw  of  the  air*  proposed  by  Kellogg  and  Mead 
(67).  They  suggest  that  various  nations  would  be  assigned  polluting 
rights  to  keep  CO?  rmistiom  below  some  agreed  global  standard.  A 
"Law  of  the  Atrnotphere*  was  recently  endorsed  in  the  report  of  a 
major  international  rnrrring  (68). 


A  Scientific  Consensus? 

In  summary,  a  substantial  wanning  of  the  climate  through  the 
augmentation  to  the  greenhouse  effect  is  very  likely  if  current 
technological,  economic,  and  demographic  trends  continue  Rapid 
climatic  changes  will  cause  both  ecological  and  physical  systems  to 
go  out  of  equilibrium — a  transient  condition  that  makes  detailed 
rxecttcrjons  tenuous.  The  faster  the  changes  take  place,  the  leu 
societies  or  natural  ecosystems  will  be  able  to  adapt  to  them  without 
potentially  serious  disruptions.  Both  the  rate  and  magnitude  of 
typical  projections  up  to  2050  suggest  that  dimatk  changes  beyond 
that  experienced  by  civilization  could  occur.  The  faster  the  climate  is 
forced  to  change,  the  more  ukeh/  there  will  be  unexpected  surprises 
lurking  (69).  The  consensus  about  the  likelihood  of  future  global 
change  weakens  over  detailed  assessments  of  the  precue  tuning  and 
geographic  distribution  of  potential  effects  and  crumbles  over  the 
value  question  of  whether  present  infbnnarjon  is  sufficient  to 
generate  a  societal  response  suuugci  than  more  scientific  research  on 
the  problems — appropriate  (but  self-serving)  advice  which  we  scien- 
tists, myself  included,  somehow  always  manage  to  recommend  (70). 


High  Leverage  Actions  to  Cope  with 
Global  Wanning 

dearly,  society  does  not  have  the  lesouiccs  id  hedge  against  all 
possible  negative  future  outcomes.  Is  there,  then,  some  simple 
principle  that  can  help  us  choose  which  actions  to  spend  our 
resources  on?  One  guideline  is  called  the  "tie-in  strategy*  (71,  72). 
Quite  amply,  society  should  pursue  those  actions  that  provide 
widely  agreed  societal  benefits  even  if  the  predicted  change  does  not 
materialize.  For  instance,  one  of  the  principal  ways  to  slow  down  the 
rate  at  which  the  greenhouse  effect  will  be  rnhanrrrl  is  to  invest  in 
more  efficient  use  and  production  of  energy.  More  efficiency, 
therefore,  would  reduce  the  growing  disequilibrium  among  physi- 
cal, biological,  and  social  systems  and  could  buy  ome  both  to  study 
the  detailed  implications  of  the  greenhouse  effect  further  and  ensure 
an  easier  adaptation.  However,  if  the  greenhouse  effects  now 
projected  prove  to  be  substantial  overestimates,  what  would  be 
wasted  by  an  energy  efficiency  strategy?  Efficiency  usually  makes 
good  economic  sense  (although  the  rate  of  investment  in  efficiency 


does  depend,  of  course,  on  other  competing  uses  of  those  financial 
resources  and  on  the  discount  rare  used).  However,  reductions  in 
missions  of  fossil  fuels,  especially  coal,  will  certainly  reduce  acid 
rain,  limit  negative  health  effects  in  crowded  areas  from  air  pollu- 
tion, and  lower  nrprndrnrr  on  foreign  sources  of  fuel,  especially  oil 
In  *A4"i"".  mote  energy  efficient  factories  mean  reduced  e> — >y 
costs  for  rnanufactunng  and  thus  greater  long-term  prod uct  cc 
soveness  against  foreign  producers  (11,  lit). 

Development  of  alternative,  environmentally  safer  energy  tech- 
nologies is  another  example  of  a  be-in  strategy,  as  is  the  develop- 
ment and  testing  of  alternative  crop  srrains,  trading  Jg"'  Meats,  with 
psjoOM  for  food  or  other  climatically  dependent  strategic  commod- 
ities, and  so  forth.  However,  there  would  be  in  some  circles 
irlroingiral  opposition  to  such  suategics  on  the  grounds  that  these 
activities  should  be  pursued  by  individual  mvestmen.  decisions 
through  a  market  economy,  not  by  collective  action  using  tax 
revenues  or  other  incentives.  In  rebuttal,  a  market  which  does  not 
indudc  the  cons  of  environmental  disrupoons  can  hardly  be  consid- 
ered a  truly  free  market.  Furthermore,  strategic  investments  are 
made  routinely  on  nonecooomic  (that  is,  cost-benefit  analyses  are 
secondary)  criteria  even  by  the  most  politically  conservative  people: 
to  purchase  military  security.  A  strategic  consciousness,  not  an 
economic  calculus,  dictates  investments  in  defense.  Similarly,  people 
purchase  insnranrr  as  a  hedge  against  plausible,  but  uncertain, 
future  problems.  The  judgment  here  is  whether  strategic  conscious- 
ness, widely  accepted  across  the  political  spectrum,  needs  to  be 
extended  to  other  potential  threats  to  security,  including  a  substan- 
tially altered  environment  occurring  on  a  global  scale  at  unprece- 
dented rates.  Then,  the  next  problem  is  to  determine  how  many 
resources  to  allocate. 

If  we  choose  to  wait  for  more  scientific  certainty  over  details 
before  preventive  actions  are  initiated,  then  rhis  is  done  at  the  risk  of 
our  having  to  adapt  to  a  larger,  faster  occurring  dose  of  greenhouse 
gases  than  if  actions  were  initiated  today.  In  my  value  system, 
leverage,  tie-in  actions  are  long  overdue.  Of  course,  whether  tc 
not  a  scientific  judgment,  but  a  value-laden  political  choice  that 
cannot  be  resolved  by  scientific  methods. 

Incentives  for  investments  to  improve  energy  efficiency,  to  devel- 
op less  polluting  alternatives,  control  methane  emissions,  or  phase 
out  CFC*  may  require  policies  that  charge  user  fees  on  activities  in 
proportion  to  the  amount  of  pollution  each  generates.  This  strategy 
might  differentially  impact  less  developed  nations,  or  segments  of 
the  population  such  as  coal  miners  or  the  poor.  Indeed,  an  equity 
problem  is  raised  through  such  strategies.  However,  is  it  more 
appropriate  to  subsidize  poverty,  for  example,  through  artificially 
lower  prices  of  energy  which  distort  the  market  and  discourage 
efficient  energy  end  use  or  alternative  production,  or  is  it  better  to 
fight  poverty  by  direct  economic  aid?  Perhaps  targeting  some 
fraction  of  an  energy  tax  to  help  those  immediately  disadvantaged 
would  improve  the  polineal  tnctability  of  any  attempt  to  internalize 
the  external  costs  of  pollution  not  currently  charged  to  energy 
production  or  end  use.  In  any  case,  consideration  of  these  political 
issues  will  be  essential  if  global  scale  agreements  are  to  be  negotiat- 
ed, and  without  global  scale  agreements,  no  nation  acting  alone  can 
reduce  global  warming  by  more  than  10%  or  so  (73). 

The  bottom  line  of  the  implications  of  atmospheric  change  is  that 
we  are  perturbing  the  environment  at  a  faster  rate  than  we  can 
understand  or  predict  the  consequences.  In  1957,  Revellc  and  Suess 
(74)  pointed  out  that  we  were  undergoing  a  great  "geophysical 
experiment.*  In  the  30  years  since  that  prophetic  remark,  CO;  levels 
have  risen  more  than  10%  in  the  atmosphere,  and  there  have  been 
even  larger  increases  in  the  concentrations  of  methane  and  C  s    ■ 

The  1980s  appear  to  have  seen  the  warmest  temperatures  it . 

instrumental  record,  and  1988  saw  a  combination  of  dramanc 
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cbcunutaoca  that  guned  much  media  menboo:  mmrtrd  hen 
waves  across  most  of  the  United  Sato,  intense  drought,  forest  fira 
in  the  West,  an  extremely  intense  hurricane,  and  flooding  in 
Bangladesh.  Indeed,  many  people  iiuupiuid  (prematurely,  I  be- 
beve)  these  events  in  1988  as  proof  that  human  augmentation  to  the 
greenhouse  efiea  had  finally  arrived  (IS).  Should  the  rapid  wanning 
in  the  instrumental  record  of  the  past  10  years  continue  into  the 
1990s,  then  a  vast  majority  of  atmospheric  stitinim  will  undoubt- 
edly agree  that  the  greenhouse  signal  has  been  felt.  Unfortunately,  if 
society  chooses  to  wait  auothet  decade  or  more  for  certain  proof, 
then  this  behavior  raises  the  risk  that  we  will  have  to  adapt  to  a 
larger  amount  of  donate  change  than  if  actions  to  slow  down  the 
buildup  of  greenhouse  gases  were  pursued  more  vigorously  today. 

A,»  f  fnmimiim,  war  «n  aaaruiws-  narr  mtrrHi«riplm«ry  research  efforts 

to  reduce  uncertainties  in  physical,  biological,  and  social  scknrifc 
areas  (76).  But  I  believe  enough  is  known  already  to  go  beyond 
research  and  begin  to  implement  policies  to  enhance  adaptarion  and 
to  slow  down  the  rapid  buildup  of  greenhouse  gases,  a  buildup  that 
poses  a  rTfirrrt"*"a>  probability  of  imprecedented  global-scale  cli- 
matic change  within  our  lifetimes. 
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or  inwmatKHVi)  levels.  In  other  words,  rnon  local  or  regxmal  water  supph  planners 
would  not  wekorne  the  proapea  of  rapidly  «*»«yng  dtmate  Theirforc,  most 
ptannen  would  hold  that  if  the  rate  of  chmatr  dunge  could  be  slowed  dcv.n  and 
ejntc  bought  to  atudy  the  outcomes  and  to  adapt  .note  cheaply  that  this  would  be 
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naaons  However,  there  u  no  overall  convention  constituting  a  comprehensive 
itBemaoonaJ  lVamewora.  that  could  address  the  imo  reined  problems  of  the  global 
atmosphere,  or  that  is  directed  toward  the  issues  of  drnate  change"  It  set  forth  a 
far-iraclung  action  ptan  chat  would  have  major  anpbcaoom  for  govern/*- ^l 
■ndustry,  and  populaoons  Thu  report  follows  on  the  heels  of  the  United  I 
Gommiation  on  Environment  and  Devetaprtwm,  know-n  as  the  Bruntland  ' 
mission  Report,  which  argued  that  cmTronment,  development,  and  secunty  stfc..  . 
not  be  treated  as  separate  tsatiri,  but  rather  as  ccaanrcted  prc«c4cfns 
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for  US    ScHiK  SiH*rTTtP*,*"ip*   on  FrJ*tfvr,nfiH mal 
31  January  1987 

to  ask  how  bag  ■  ought  take  the  acsersafic  comrtunrrv  to  he  abb  to 

credjbic   am*  -tvwvjM   nrgsonal  osmaDc  voruh    HMBHO  from 

5   H.  Schnoder,  P  H  GJckL  L  Mams  m  (49), 

«  «/  auggestcd  dm  n  will  be  at  lean  10  years  and  probabh  several 

before  the  current  level  of  anrnufic  effort  can  provide  t  ■idnpmd 

oormomu  on  thoe  dexaib  The  ram  such  omc  at  needed  ■  cunvntlevcb  of  effort 

■  dun  provadang  oedibk  regional  dexaib  will  require  the  coupling  of  high 

foofajnon  ■noapnCfC,  ocean,  and  aea  ice  models  wan  ecological  raodeb  that 

provide  aeoarate  fluxes  of  encrgv  and  water  bcrween  anrtosphert  and  land  at  well  as 

nutnent  cychng  and  chemical  tracsformaooeis  that  account  far  tract  greenhouse 

gas  buildup  over  omc  A  dedicatrd  effort  to  accekratr  the  rate  of  progress  could 

conccTvabiy  speed  up  the  arahuthmem  of  a  eqnwnHw  oo  regional  issues,  but  at 

ben  10  yean  or  ao  will  be  ncccnary  even  wan  a  dramatic  effort.  However,  anch 

cfcro  would  ckartv  put  furore  'kcawm  making  on  a  firmer  factual  baas*  and  help 

id  make  •daptaoon  bhhbbi  dor  dfc  bw  sooner 
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72  S  H  Schroder  ir>d  S  L  Thampwru  sn  TW  Ciatol  Pvu&t  tttmmm,  Dnttmmnii 
-JwNnrC«i^.R   Repeao,  Ed  ,  (Yak  Uru\    Press,  Nr».  Haven,  1985),  pp 
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Mr.  Sharp.  Thank  you  very  much. 

I  think  we're  ready  now  for  Dr.  Michaels,  except  I'm  looking  for 
where  that  projector  is. 
[Pause.] 
Mr.  Sharp.  Dr.  Michaels,  we're  ready. 

STATEMENT  OF  PATRICK  J.  MICHAELS 

Mr.  Michael.  I'd  like  to  thank  you  for  inviting  my  commentary 
before  the  subcommittee. 

This  is  a  very  strange  projector,  by  the  way,  because  it  keeps  on 
going  forward  when  I  walk  by  it.  A  magic  projector. 

I'm  somewhat  amused  that  I'm  supposed  to  be  the  conservative 
person  speaking  to  the  committee.  I'm  thinking  of  Steve's  graphic, 
an  ultimate  graphic.  Perhaps  I  should  start  a  club,  "Conservatives 
Who  Voted  For  Walter  Mondale."  I  think  I  could  be  the  president 
and  the  vice  president  and  everybody  else. 

Another  thing  that  interests  me  is  the  ostensible  disagreement 
that  is  portrayed  between  the  members  of  this  committee.  No  one 
on  this  committee  would  dispute  the  fact  that  anthropogenerated 
climate  changes — in  fact,  the  most  potential,  in  underlying  poten- 
tial the  most  serious  environmental  disturbance  ever  created  by 
technological  man. 

My  purpose  in  this  discussion  is  to  underscore,  in  fact,  that  our 
policy  should  be  commensurate  with  the  state  of  scientific  knowl- 
edge. 

Now  I'm  going  to  have  to  repeat  something  that  everybody  else 
repeated  here.  First,  measurements  of  carbon  dioxide  from  Hawaii 
in  1955  give  a  preindustrial  concentration  of  about  315  parts  per 
million  in  the  late  1950's  again.  It  was  initially  thought  that  they 
came  up  to  about  295  parts  per  million,  which  would  have  given  us 
a  warming  of  about  0.7°C  if  the  world  were  in  equilibrium.  That 
initially  seemed  consonant  with  the  anthropogenerated  changes. 

Several  findings  since  then  indicate  that  the  problem  is  much 
more  complicated.  These  include  exponential  increases  in  other 
thermally  active  trace  gases  and  new  findings  on  the  geographic 
distribution  of  warming  and  its  distribution  between  night  and  day. 
Commentary  on  these  will  comprise  the  balance  of  my  testimony. 

Changes  on  trace  gas  concentrations.  Antarctic  ice  core  measure- 
ments now  place  the  background  CO2  concentration  between  260 
and  280  parts  per  million.  If  we  use  the  midpoint,  the  expected 
equilibrium  warming  would  be  1.1°C.  Other  thermally  active  trace 
gases  have  also  been  increasing  exponentially;  in  particular,  meth- 
ane, nitrogen  oxides,  and  the  chlorofluorocarbons. 

Tom  Wigley  of  the  University  of  East  Anglia  calculates  that  the 
combined  effect  of  these  should  be  the  equivalent  of  an  additional 
effective  increase  of  57  parts  per  million.  Thus  if  all  the  other  ra- 
diatively  active  trace  gases  were  expressed  as  if  they  were  carbon 
dioxide,  the  current  carbon  dioxide  concentration  would  be  407 
parts  per  million  or  151  percent  of  background.  The  fact  is,  radiati- 
vely  we  have  gone  over  halfway  to  a  doubling  of  carbon  dioxide 
since  the  beginning  of  the  Industrial  Revolution. 

Under  equilibrium  conditions,  the  Earth  would  have  warmed 
1.8°C  from  these  trace  gas  disturbances.  If  the  lower  limit  back- 
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ground  of  260  parts  per  million  is  used,  the  expected  mean  warm- 
ing is  very  close  to  2°C.  Now  obviously  that  hasn't  occurred,  and 
there  are  good  reasons  why  and  good  scientific  reasons. 

There  is  an  unknown  lag  effect  that  occurs  because  of  the  oceans. 
However,  Wigley  has  calculated  that  even  the  most  liberal  esti- 
mates of  this  lag  imply  an  expected  warming  of  1°C.  At  best,  the 
Earth  appears  to  have  warmed  up  only  half  as  much  as  our  aver- 
age forecasts  indicate  it  should  have.  A  mathematical  argument  in 
Dr.  Schneider's  journal,  Climatic  Change,  suggests  that  the  oceans 
might  mitigate  expected  surface  warming  by  a  factor  of  three. 

Now  I'd  like  to  show  a  couple  of  slides. 

The  usual  presentation  is  to  show  the  global  curve  and  to  not 
break  it  into  hemispheres  or  regions,  and  I'd  like  to  show  you 
something  very  interesting.  The  first  slide  here  is  the  Southern 
Hemisphere.  Most  people  who  look  at  the  Southern  Hemisphere 
data  will  tell  you  that  this  looks  an  awful  lot  like  what  we  would 
expect  in  greenhouse  world,  although  the  magnitude  is  not  as  great 
as  we  would  think  it  should  be  at  this  point  in  time. 

You  do  see  what  appears  to  be  an  exponential  increase  in  the 
temperature  and,  in  fact,  it's  going  up  quite  rapidly  by  the  time  we 
get  into  the  late  1970's. 

Now  when  we  look  at  the  Northern  Hemisphere,  that's  where 
the  problem  becomes  much  more  complicated.  If,  in  fact,  oceanic 
thermal  lag,  this  lag  of  the  system,  is  holding  back  the  warming, 
you  would  expect  the  ocean  hemisphere  would  be  the  one  that 
would  warm  last.  That's  the  Southern  Hemisphere.  The  Northern 
Hemisphere  should  be,  in  fact,  first  to  go  under  that  rather  simple 
argument,  and  if  you  look  at  it,  it  doesn't  show  that  signature. 

If  you  take  a  look  at  the  last  55  years  in  the  Northern  Hemi- 
sphere, I  can't  find  a  statistician  even  in  this  town  that  will  tell  me 
that  there  is  a  warmup  in  that  data. 

Now  one  of  the  interesting  things  here  is,  these  last  few  years 
here  in  the  1980's — this  chart,  by  the  way,  is  a  couple  of  years 
old — in  fact,  are  warmer  than  the  other  years  in  the  record.  But 
the  question  is,  how  much  warmer?  They  are  not  warm  enough  in 
the  Northern  Hemisphere,  in  fact,  to  establish  a  trend  over  that 
period. 

Now  I  want  to  talk  about  another  problem  that  I  find  really 
quite  fascinating,  and  again,  I'm  not  trying  to  say  that  this  is  not  a 
problem.  This  is  potentially  a  very  serious  environmental  problem. 
The  question  is,  what  is  the  state  of  what  we  know,  and  what  is  the 
state  of  the  future? 

Tom  Karl  and  others  from  NOAA  provide  an  additional  layer  of 
complexity  on  this  problem  by  looking  at  the  change  in  tempera- 
ture that  has  occurred  over  the  United  States  in  something  called 
the  historical  climate  network.  The  historical  climate  network  is 
special.  Tom  Karl  is  a  person  to  be  commended  for  diligent  and 
painstaking  scientific  work.  What  he  has  done  is,  he  has  taken  the 
urban  effect,  the  city  effect,  the  population  effect  out  of  the  U.S. 
data.  The  United  States  has  a  nice  mix  of  urban  and  rural  stations 
in  which  he  can  do  that.  And  his  analyses  indicate  that  daily  tem- 
perature ranges — that's  the  difference  between  the  high  and  the 
low  temperature — are  declining  since  these  additions  of  trace  gases 


80 

into  the  atmosphere,  and  I  will  show  you  this — let's  see,  I  don't 
know  how  far  this  is  going  to  stretch. 

[Pause.] 

Mr.  Michaels.  What  we're  interested  in  here  is  the  graph  on  the 
lower  right.  This  is  the  difference  between  mean  daily  high  and 
mean  daily  low  temperature  across  the  United  States.  By  the  way, 
this  is  the  graph  for  mean  daily  high  temperature,  which  has  de- 
clined, and  the  nighttime  temperatures  have  either  stayed  the 
same  or  come  up  slightly  with  respect  to  the  daytime  tempera- 
tures. 

That's  a  very  interesting  phenomenon  because  that,  in  fact,  is  a 
characteristic  signature  that  one  might  think  would  occur  in  a 
greenhouse  world.  The  implication  is  that  the  effect  may  be  ex- 
pressing itself  primarily  as  a  rise  in  the  nighttime  temperatures, 
while  daytime  temperatures  have,  in  fact,  declined.  This  could  be 
caused  by  increased  cloudiness,  which  has  been  noted  in  four  re- 
ports in  the  scientific  literature,  or  by  the  infrared-absorbing  effect 
of  the  greenhouse  gases.  It  is  my  opinion  that  it  is  likely  a  combi- 
nation of  the  two,  frankly. 

The  peculiarity  of  this— and  this  is  where  the  problem  gets  very 
complicated — is  that  if  such  a  trend  continues — and  that  "if"  is 
very  large,  okay;  that's  very  dangerous  in  this  business  to  say  "if  it 
continued" — the  greenhouse  world  would  be  one  in  which  the  grow- 
ing seasons  were  longer,  because  the  nighttime  temperatures  in- 
crease. There  would  be  more  precipitation,  perhaps  less  skin  cancer 
because  of  increased  cloudiness,  and  plants  would  grow  better  be- 
cause of  the  well-known  effect  of  carbon  dioxide  fertilization. 

I  don't  necessarily  believe  that's  the  case,  okay.  However,  this, 
I'll  call  it  "positive  vision"  of  the  future  climate  was  recently  pre- 
sented by  the  Soviet  academician,  Mikhail  Budyko,  in  a  paper  first 
read  at  NOAA-sponsored  meeting  of  the  Climate  Trends  Panel  last 
September.  Budyko's  position  in  the  Soviet  science  establishment, 
incidentally,  is  analogous  to  being  the  highest  echelons  of  our  Na- 
tional Center  for  Atmospheric  Research.  I  only  bring  this  up  to  un- 
derscore the  broad  range  of  expert  opinion  that  appears  on  this 
subject,  not  to  say  that,  in  fact,  that  is  the  way  the  future  will  be. 

I  will  finish  on  the  urbanization  problem  here,  because  I  find 
that  a  very  interesting  thing  that  we  have  to  deal  with.  This  again 
is  the  work  of  Tom  Karl.  This  will  be  published  in  the  1989  March 
issue  of  the  "Bulletin  of  the  American  Meteorological  Society." 
He's  going  to  show— I  think  it's  my  next  slide— nope;  sorry  about 
that.  We'll  skip  that  one.  He's  going  to  show  that  when  you  com- 
pare the  historical  climate  network — that's  the  unurbanized  set 
over  the  United  States — to  roughly  the  same  area  that  is  used  in 
the  NASA  temperature  record  that  has  caused  so  much  ferment  in 
its  presentations,  that  the  NASA  record  warms  up  0.4°  compared  to 
the  unurbanized  record.  That's  a  lot,  because  the  NASA  record 
warms  up  about  0.7°C  over  the  20th  century. 

It  is  important  to  note  that  there  is  no  a  priori  reason  to  suspect 
that  this  urban  bias  is  appreciably  different  in  other  portions  of  the 
industrialized  world.  So  a  simple  extension  to  the  globe — and  I'm 
going  to  tell  you  right  now,  I  can't  rigorously  defend  that  extension 
because  nobody  has  done  it;  it  hasn't  come  up  on  the  priority  list 
yet.  A  simple  extension  would  yield  a  residual  warming  of  some- 
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where  between  0.2°C  and  0.3°C,  an  amount  which  is  somewhere  be- 
tween 2  and  3  times  less  than  that  predicted  by  the  climate  models 
for  this  point  in  time. 

The  other  popularly  cited  climate  record,  the  East  Anglia  group's 
record  which  Steve  referred  to,  leaves  essentially  the  same  residual 
when  an  analogous  calculation  is  performed. 

Now  I  think  it  would  be  extremely  important  to  take  a  look  at 
this  from  the  computer  modeling  point  of  view,  and  several  people 
have.  Jim  Hansen  has  run  what  he  calls  transient  models  of  cli- 
mate change,  where  he  looks  at  areas  the  size  of  the  United  States, 
and  he  concludes,  yes,  they,  in  fact,  could  run  cooler  than  the  rest 
of  the  world  for  periods  of  decades.  However,  analogous  studies  of 
Canadian  data  and  my  own  temperature  calculations  over  Alaska 
show  that  the  area  of  no  significant  temperature  change  for  the 
last  50  years  is  virtually  all  of  North  America.  It  is  doubtful  this 
can  be  accommodated  by  a  transient  model  over  such  a  large  area. 

I  think  it  would  be  important  to  extend  these  types  of  analyses 
that  I've  shown  you  to  other  regions  with  analogous  urban  and 
rural  climate  distributions,  such  as  the  Soviet  Union.  I  urge  that 
you  give  what  would  have  to  be  a  joint  effort  in  this  your  highest 
priority.  Many  people  working  on  this  problem  very  much  would 
like  to  cooperate  with  the  Soviet  Union  on  this. 

In  addition,  I  urge  the  support  of  other  important  investigations 
that  will  help  us  determine  the  Earth's  true  temperature  history 
and  find  out,  in  fact,  how  the  changes  in  trace  gases  will  eventually 
be  expressed. 

Now  please  take  my  observations  in  the  proper  context.  They  are 
not  intended  to  minimize  the  importance  of  the  climatic  change 
problem,  but  rather  to  emphasize  its  complexity.  I  personally  find 
it  risky  to  enact  sweeping  environmental  policy  based  upon  visions 
that  are  clouded  and  possibly  even  failing.  Further,  if  the  models 
that  eventually  were  proved  not  to  be  as — if  the  warming  were  not 
as  much  as  the  models,  in  fact,  indicated  on  the  average,  if  this 
were  used  as  a  linchpin  for  an  otherwise  rational  energy  policy — 
and  I  believe  that  policies  that  people  are  thinking  of  are,  in  fact, 
rational  and  reasonable — you're  going  to  get  no  one  here  to  say 
that  energy  conservation  is  a  bad  idea;  however,  if  those,  in  fact, 
those  models  get  into  trouble,  the  policy  could  suffer  a  serious  loss 
in  credibility,  and  I  believe  that  would  set  back  progress  on  those 
important  policy  issues  for  decades. 

Thank  you. 

[The  prepared  statement  of  Dr.  Michaels  follows:] 
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Statement   of  Patrick  J.   Michaels  to  the  Subcommittee  on   Energy 
and  Power,  U.S.  House  of  Representatives,  February  21,  1989: 

I  would  like  to  thank  the  Subcommittee  for  inviting  my  commentary 
on  the  important  topic  of  anthropogenerated  climatic  change. 

As  a  matter  of  introduction,  I  note  recent  news  and  editorial 
stories  stating  that  evidence  is  sufficiently  compelling  for  the 
U.S.  to  now  factor  anthropogenerated  global  warming  into  the 
domestic  and  foreign  policy  matrix.  The  tenor  of  these  pieces — 
and  I  have  seen  several — is  that  while  there  some  areas  of 
disagreement  or  inconsistencies  in  our  current  understanding,  it 
is  high  time  for  sweeping  proaction. 

My  purpose  here  is  not  to  throw  roadblocks  in  the  way  of  sensible 
environmental  policy.  No  one  on  this  panel  would  contest  the  fact 
that  anthropogenerated  global  climatic  change  is  potentially  the 
most  serious  environmental  disturbance  ever  created  by 
technological  man.  My  purpose  is  rather  to  underscore  that  policy 
should  be  commensurate  with  the  state  of  scientific  knowledge. 

It  is  doubtless  that  carbon  dioxide,  an  effective  absorber  of 
infrared  radiation,  is  increasing  exponentially  in  the  atmosphere 
as  a  result  of  man's  activities.  First  measurements  from  Hawaii 
found  concentrations  of  315  parts  million  (ppm)  in  the  late 
1950's,  while  today's  concentrations  are  nearly  350ppm.  In  the 
early  1980 's,  the  "preindustrial"  background  concentration  was 
estimated  at  295ppm,  giving  an  increase  of  19%  since  the 
beginning  of  widespread  thermometric  records. 

If  the  earth  had  come  to  immediate  thermal  equilibrium,  that 
change  could  have  produced  a  global  warming  of  0.7'  C.  Because 
measured  warming  was  thought  to  be  between  0.4'  and  0.7  C, 
depending  upon  which  record  is  used,  the  observed  changes 
initially  seemed  consonant  with  anthropogenerated  C02  increases. 

Several  findings  since  then  indicate  the  problem  is  much  more 
complicated.  These  include  the  exponential  increases  in  other 
thermally-active  trace  gases,  new  findings  on  the  geographic 
distribution  of  warming  and  its  division  between  night  and  day, 
and  recent  work  on  the  effect  of  urban  bias  on  regional 
temperatures.  Commentary  of  these  will  comprise  the  balance  of  my 
testimony. 

Ij.  Changes  in  trace-oas  ConcentCfltiOna. 

Antarctic  ice  core  measurements  now  place  the  background  C02 
concentration  between  260  and  280  ppm.  If  we  use  the  midpoint, 
the  expected  equilibrium  warming  could  be  1.1  C. 

Other  thermally  active  trace  gases  have  also  been  increasing 
exponentially,  in  particular,  methane,  nitrogen  oxides,  and  the 
chloroflourocarbons.  Tom  Wigley,  of  the  University  of  East 
Anglia,  calculates  that  the  combined  effect  of  these  should  be 
equivalent  to  an  additional  effective  increase  of  57ppm.  Thus,  if 
all  of  the  other  radiatively  active  gases*  were  expressed  aa  it 
they  were  C02,   the  concentration  of  carbon  dioxide  would  be 
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407ppm,  or  151%  of  a  background  of  270ppm. 

Under  equilibrium  conditions,  the  earth  should  have  warmed  1.8  'C 
from  these  trace  gas  disturbances.  If  the  lower  limit  background 
of  260ppm  is  used,  the  expected  mean  global  warming  is  very  close 
to  two  degrees  Celsius.  As  noted  above,  measured  warming  has  been 
between  0.4* and  0.7"  C.  As  noted  below,  that  warming  itself  is 
subject  to  some  question. 

Zjl.  IhS.   Spatial  and  Temporal  Distribution  o_f_  Observed  Warming 

There  is  an  unknown  lag  effect  that  occurs  because  of  the  oceans. 
Wigley  has  calculated,  however,  that  even  the  most  liberal 
estimates  of  this  lag  imply  an  expected  warming  of  1.0*  C  (or  1.2' 
with  the  lower  background  C02  of  260ppm) .  At  best,  the  earth 
appears  to  have  warmed  up  only  half  as  much  as  our  average 
forecasts  indicate  it  should  have.  A  mathematical  argument  in  Dr. 
Schneider's  Journal  Climatic  Change  suggested  the  oceans  might 
mitigate  expected  surface  warming  by  a  factor  of  three. 

The  oceanic  lag  argument  is  complicated  by  the  differing  behavior 
of  the  Earth's  hemispheres.  Southern  Hemisphere  temperatures, 
according  to  Jones  and  others  at  East  Anglia,  display  a  thermal 
signal  that  is  much  like  we  would  expect  in  a  Greenhouse  World — 
little  change  through  the  1940 's,  followed  by  an  exponential 
increase,  albeit  one  of  approximately  half  the  magnitude  expected 
even  with  liberal  thermal  lag  arguments. 

Northern  hemisphere  temperatures  show  a£  least  one-half  of  their 
increase  before  the  major  trace  gas  emissions.  In  fact,  there  is 
no  statistically  significant  trend  for  the  last  55  years.  Hugh 
Elsaesser,  of  the  Lawrence  Laboratory,  demonstrated  that  most  of 
our  hemisphere's  warming  can  be  ascribed  to  a  period  during 
Woodrow  Wilson's  presidency. 

Most  scientists  directly  involved  with  this  research  problem  cite 
the  hemispheric  disparity  as  either  counter  to  or  beyond  the 
current  pale  of  our  understanding. 

2^  XhS.   Diurnal  problem 

Work  by  Tom  Karl  and  others  from  NOAA  provide  an  additional  layer 
of  complexity  on  the  climate  change  problem. 

Careful  analyses  of  the  unurbanized  Historical  Climate  Network 
data  indicate  that  daily  temperature  ranges  over  the  United 
States  are  declining  since  the  significant  addition  of  trace 
gases.  In  particular,  it  appears  that  night  minimum  temperatures 
are  rising  relative  to  daytime  maxima.  The  implication  is  that 
the  greenhouse  effect  could  be  expressing  itself  primarly  as  a 
rise  in  the  nighttime  temperatures,  while  daytime  temperatures 
have  in  fact  declined. 
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This  could  be  cause  either  by  increased  cloudiness,  which  has 
been  noted  in  four  reports  in  the  refereed  scientific  literature, 
or  by  the  infrared  absorbing  effects  of  anthrpogenerated  trace 
gases.  It  is  more  likely  that  the  reduction  in  daily  range 
results  from  a  combination  of  the  two. 

The  pecularity  is  that  if  such  a  trend  continued,  greenhouse 
world  could  be  one  where  growing  seasons  were  longer  (because 
nighttime  temperatures  increased) ,  there  was  more  precipitation 
and  less  skin  cancer  (because  of  increased  cloudiness)  and  plants 
grew  better  (because  of  the  well  known  effect  of  carbon  dioxide 
fertilization) . 

The  "positive"  vision  of  future  climate  was  recently  presented  by 
Soviet  Academician  Mikhail  Budyko,  in  a  paper  first  read  at  a 
NOAA  sponored  meeting  of  the  Climate  Trends  Panel  last  September. 
Budyko' s  position  in  the  Soviet  science  establishment  is  roughly 
analogous  to  being  in  the  highest  echelons  of  our  National  Center 
for  Atmospheric  Researach.  I  only  bring  it  up  to  underscore  the 
broad  range  of  expert  opinion  that  exists  on  this  subject. 

With  regard  to  observed  temperature  changes,  the  current  draft  of 
the  Climate  Trends  Panel  meeting  proceedings  states  that  "the 
overall  magnitude  of  the  surface  warming  since  the  latter  19th 
century... is  about  half  of  that  expected  by  most  GCM  simulations 
given  the  best  estimate  of  changes  in  greenhouse  gases  over  this 
period." 

JL.  Ih&   Urbanization  Problem. 

It  is  well  known  that  long  term  climate  records  sometimes  warm 
because  their  surroundings  become  more  urbanized,  and  while  much 
has  been  written  on  this  problem,  it  remains  elusive.  In  the 
March,  1989,  issue  of  the  Bulletin  oj.  Hie.  American  Meteorological 
society.  NOAA  scientist  Tom  Karl  will  publish  a  paper  that 
compares  NASA  climate  records  over  the  U.S.  to  the  urbanization- 
adjusted  Historical  Climate  Network.  The  paper  will  show  that  the 
published  NASA  record  warms  up  0.4 "in  the  twentieth  century 
compared  to  the  unurbanized  record.  It  is  important  to  note  that 
there  is  no  a  priori  reason  to  suspect  that  the  urban  bias  is 
appreciably  different  in  other  portions  of  the  industrialized 
world.  A  simple  extension  to  the  globe — which  is  not  possible  to 
rigorously  defend  at  this  time  because  the  exhaustive  research 
has  not  been  performed — would  yield  a  residual  warming  of  0.2- 
0.3,'  an  amount  which  is  three  times  less  than  that  predicted  by 
the  average  of  our  sophisticated  climate  models.  The  other 
popularly  cited  climate  record,  of  the  East  Anglia  research 
group,  leaves  essentially  the  same  residual  in  an  analogous 
comparison. 

A  slightly  different  analysis  finds  virtually  no  change  in 
conterminous  D.S.  temperatures  over  the  last  century,  which  is 
consistent  with  some  transient  climate  models,  in  which  areas  the 
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U.S.  average  temperatures  in  the  urbanization- adjusted  Historical  Climate 
Network  of  Karl  &L  4±*.  DL:  Daily  Maxima;  LL:  Daily  Minima;  UR:  Daily 
Average;  LB:  Daily  Range  (Difference  between  high  and  low).  The  decline 
in  daily  range  occurs  because  of  a  relative  rise  in  nighttime 
temperatures,  indicating  that  the  possible  greenhouse  compensation  is 
taking  place  primarily  at  night,  while  daytime  temperatures  have  actually 
declined. 


Analyses  through  1987  show  that  this  trend  has  continued. 
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size  of  the  U.S.  can  continue  to  be  cooler  than  the  rest  of  the 
world  for  periods  of  decades.  However,  analogous  studies  of 
Canadian  data  and  my  mean  layer  temperature  calculations  for 
Alaska  show  that  indeed  the  area  of  no  significant  temperature 
change  over  the  last  50  years  is  virtually  all  of  North  America. 
It  is  doubtful  that  this  can  be  accomodated  by  a  transient 
climate  model  with  a  realistic  change  in  trace  gas  concentrations 
over  that  period. 

It  would  be  important  to  extend  these  types  of  analyses  to  other 
regions  with  analogous  urban/rural  climate  networks,  such  as  the 
Soviet  Union.  I  urge  that  you  give  what  would  have  to  be  a  joint 
effort  your  highest  priority.  In  addition,  I  urge  the  support  of 
other  important  investigations  that  will  help  us  determine  the 
earth's  true  temperature  history  and  to  find  in  fact  how  the 
change  in  trace  gases  will  eventually  be  expressed. 

These  observations  are  not  intended  to  minimize  the  importance  of 
the  climate  change  problem,  but  rather  to  emphasize  its 
complexity.  I  find  it  extremely  risky  to  enact  sweeping 
environmental  policy  based  upon  visions  that  are  at  best  clouded, 
and  at  worst  already  failing.  Further,  if  models  that  eventually 
fail  are  used  as  the  lynchpin  for  an  otherwise  rational  energy 
policy,  that  policy  could  eventually  suffer  a  serious  loss  in 
credibility  which  would  set  back  progress  on  these  important 
issues  for  decades. 


NASA's  record  over  the  coterminous  U.S.  warns  approximately  0.4*  C 
compared  to  the  urbanization-adjusted  historical  climate  network.  If  such 
a  trend  occurred  throughout  the  rest  of  the  world,  net  global  warming  for 
the  20th  century  would  be  0.2-0. 3'C,  which  is  virtually  indistinguishable 
from  background  noise. 
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Mr.  Sharp.  Thank  you  very  much,  Dr.  Michaels. 

We  are  confronted  with  the  proposition  of  trying  to  figure  out 
when  we're  going  to  know  what,  and  while  we  wait  for  more  infor- 
mation, what  do  we  do? 

And,  Dr.  Albritton,  you  outlined  the  work  through  the  United 
Nations  and  the  international  groups,  suggesting  that  we'll  have 
some  stronger  consensus  statements  about  what  we  do  know  some- 
time at  the  end  of  1990. 

Dr.  White,  you  indicated  that  we're  going  to  step  up  the  Federal 
budget,  assuming  that  Congress  goes  along. 

Let  me  first  ask  you,  give  me  some  rough  projection  as  to  when 
you  think  we'll  have,  in  a  sense,  a  new  tier  of  certainty  or  knowl- 
edge? Is  there  any  breaking  point  that  we  can  expect  that  we'll 
really — that  somebody  will  be  able  to  walk  in  here  and  give  us 
something  that  is  qualitatively  different  from  what  you  folks  have 
given  us  today? 

Does  anybody  want  to  make  a  rough  projection  on  what  is  obvi- 
ously an  unknown? 

I  guess  what  I'm  trying  to  get  at,  the  question  is  whether  if  we 
wait  around  5  years,  we're  really  going  to  know  more,  or  are  we 
going  to  be  with  some  additional  information  but  basically  still  in 
the  fundamental  quandary  of  having  to  make  policy  on  our  best 
guess  as  to  what  the  risks  are? 

Mr.  Michaels.  Well,  I  think  it  depends  frankly  on  what  some 
findings  are  in  the  next  few  years.  I  pointed  out  the  importance  of 
taking  a  look  at  this  distribution  of  whether  the  warming  compen- 
sation is  taking  place  at  night  at  other  places  around  the  globe. 
That's  a  study  that  could  be  done,  probably  with  a  minimum  of 
effort. 

As  far  as  the  modeling  side  of  the  problem,  I  think  Dr.  Schneider 
should  answer  on  that. 

Mr.  Schneider.  It's,  of  course,  a  legitimate  policy  question.  How 
long  is  it  going  to  take  you  guys,  in  this  case  us,  the  scientific  com- 
munity, to  have  a  reasonable  chance  of  increasing  certainty  over 
both  the  change  in  the  observed  world  and  in  the  model  world  as 
well. 

The  model  well,  the  area  where  people  want  us  to  provide  the 
most  information  is  the  area  where  I'm  afraid  we  can  give  you  the 
least,  and  that's  the  time-evolving  changes  in  locations,  what's 
going  to  happen  in  Iowa,  Indiana,  and  India  and  when.  It's  much 
tougher  for  us  to  say  anything  reliable  about  whether  it's  wetter  or 
drier  in  the  Midwest  in  20  years  than  it  is  to  say  that  the  magni- 
tude of  global  warming  is  1°  to  5°. 

So  what  are  the  timeframes?  Well,  for  the  reasons  that  my  col- 
leagues gave  earlier,  this  problem  cannot  be  approached  as  an  at- 
mosphere-only problem,  an  ocean-only  problem,  or  a  problem  that 
looks  only  at  the  trees  or  the  soils.  But  we  have  to  literally  couple 
all  of  those  so-called  climatic  subsystems  and  then  run  them  for- 
ward in  time,  and  we  can't  just  drive  them  by  doubling  CO2  or 
some  equivalent  amount  of  trace  gases,  but  we  actually  have  to  put 
in  one  of  those  curves  I  showed  earlier,  which  is  a  time-evolving 
curve,  an  exponentially  growing  scenario  for  greenhouse  gases. 

The  problem  is  that  what  we  know  is  the  rate  at  which  the 
Earth  is  being  heated.  I  don't  mean  warmed;  I  mean  heated,  the 
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extra  energy  that  is  dumped  at  the  surface.  That's  where  the  cer- 
tainty is.  But  to  translate  that  heating  into  local  temperature  and 
rainfall,  we  have  to  find  out  how  the  middle  of  continents  are 
warming  relative  to  the  middle  of  oceans,  and  oceans  mix  at  differ- 
ent rates  in  different  parts.  And  in  order  to  have  some  reliable  esti- 
mates of  those,  I'm  going  to  say  that  at  the  present  state  of  the  art, 
with  the  present  relatively  disaggregated  effort  in  the  scientific 
community,  we're  looking  at  several  decades.  Several  decades  is  the 
time  at  which  the  real  world  system  will  begin  to  perform  the  ex- 
periment for  us. 

Now  it's  possible  that  some  kinds  of  research  could  accelerate 
that  date,  and  I  wouldn't  want  to  promise  that  in  a  decade  from 
now  we'll  have  definitive  answers.  But  clearly  if  the  policy  time- 
frame for  the  system  having  serious  effects  is  decades,  and  the 
timeframe  for  the  scientific  community  producing  reliable  esti- 
mates is  decades,  then  you  have  a  legitimate  question  about  what 
hedges  you  might  want  to  take  in  advance,  and  one  of  those 
hedges,  certainly  in  my  opinion — and  I  have  a  special  interest  in 
this,  so  obviously  you  have  to  recognize  that— is  accelerated  re- 
search, because  accelerated  research  means  not  that  we'll  have  a 
definitive  answer,  but  that  we  will  probably  build  consensus 
quicker,  and  that  would  make  whatever  decisionmaking  that  is  in- 
crementally applied  on  a  firmer  factual  basis. 

Mr.  Sharp.  Let  me  let  the  other  two  gentlemen  have  a  shot  at 
the  question,  which  is  to  try  to  give  us  just  a  greater  sense— I  know 
you  can't  give  it  exactly— of  whether  we're  going  to  qualitatively 
know  a  lot  more  or  can,  by  accelerating  research,  know  a  lot  more 
in  the  next  5  years.  I'm  articulating  the  question  more  sharply 
each  time  I  do  it. 

Mr.  White.  If  I  could  rephrase  the  point 

Mr.  Sharp.  Sure. 

Mr.  White.  I  think  you're  raising  the  question  as  to  whether  we 
can  learn  faster  than  the  problem  gets  worse.  In  other  words,  by 
investing  more  in  research  and  development,  can  we  learn  faster 
than  the  problem  gets  worse? 

I  don't  think  anybody  knows  the  answer  to  that  question.  We 
know  where  the  deficiencies  are.  We  know  where  the  uncertainties 
are  in  the  mathematical  models,  and  we  know  there  are  some 
things  we  can  do  to  reduce  those  uncertainties,  and  we  know  where 
there  are  uncertainties  in  the  data,  as  was  shown  here  today,  and  I 
think  we  know  what  to  do  to  reduce  those  uncertainties.  But  those 
uncertainties  are  not  going  to  go  to  zero.  There's  always  going  to  be 
a  significant  measure  of  uncertainty,  even  though  for  a  period  of 
decades. 

I  think  the  question  we've  got  to  face  is,  given  the  possibility  of 
the  consequences  of  a  climate  change,  because  we  do  know  with 
certainty  that  the  infrared  gases  are  increasing,  and  hence  the 
heating  of  the  atmosphere  is  going  on,  are  there  some  actions  that 
we  can  take  now  that  will  not  preclude,  okay,  our  ability  to  take 
other  actions,  if  indeed  it  turns  out  that  this  does  not  turn  out  to 
be  a  consequential  problem. 

I  think  the  answer  to  that  has  to  be  yes.  There  are  certainly  ac- 
tions that  we  can  take  with  regard  to  increasing  our  energy  effi- 
ciency. People  have  mentioned  those.  There  are  actions  that  we  can 
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take  for  reducing  infrared-absorbing  gases,  such  as  the  CFC's,  by 
going  farther  than  the  Montreal  protocols  indicate  that  we  now  are 
at. 

Now  we  know  that  those  will  essentially  be  beneficial,  at  least  in 
terms  of  reducing  the  amount  of  carbon  dioxide.  If  there  are  no  ad- 
verse effects  to  these  courses  of  action,  then  why  not  take  them? 
That  seems  to  me  to  be  the  point  we're  at. 

Mr.  Sharp.  Dr.  Albritton. 

Mr.  Albritton.  Let  me  raise  two  points.  One  is  to  underscore  a 
facet  of  the  problem  that  I  think  all  of  us  have  alluded  to,  but  per- 
haps should  be  emphasized,  because  it  makes  your  job  and  it  makes 
our  job  more  difficult,  and  that's  the  time  delay  between  the  arriv- 
al of  predicted  warming  and  the  application  of  the  forcing — that  is, 
the  introduction  of  the  greenhouses  gases,  and  basically  it  arises 
because  of  the  large  thermal  inertia  of  the  oceans,  and  it's  difficult 
for  us  to  predict  the  exact  timing  of  that  delay  and  what  it  does  to 
present  observations  of  warmings. 

But  I  think  the  point  that  that  introduces  into  the  dialogue  be- 
tween science  and  policy  is  exactly  the  same  one  that  was  intro- 
duced into  the  stratospheric  ozone  issue,  and  that  is,  in  both  cases 
we  know — the  understanding  is  good  enough  to  say  that  because  of 
the  timelag,  that  actions  later  would,  if  they  are,  say,  predicated 
under  a  fuller  understanding  that  would  justify  strong  actions,  be- 
cause of  the  timelag,  actions  later  would  necessarily  then  have  to 
be  more  severe  than  actions  earlier. 

So  the  nature  of  the  timelag  introduces  an  element  into  the  sci- 
ence policy  discussions  that  I  think  should  be  very  clearly  placed 
on  the  table  there. 

The  second  point  in  terms  of  whether  a  greenhouse  trend  had 
been  observed  or  not  observed  at  the  present  is  one  on  which  there 
is  a  great  spectrum  of  opinion,  and  I  think  most  people  realize  now 
that  it's  very  difficult  to  call  that  one.  But  probably  more  impor- 
tant than  asking  whether  one  has  seen  an  effect,  it  s  more  impor- 
tant to  ask  the  question  about  the  statement  that  all  four  have  al- 
luded to  here,  and  that  is,  most  climatologists,  most  atmospheric 
scientists  at  present  believe  in  the  fundamental  principles  of  trap- 
ping radiation  by  greenhouse  gases,  and  as  we  all  have  stated,  that 
ultimately  the  increase  of  such  gases  in  the  atmosphere  is  in  the 
direction  of  global  warming. 

Now  the  timing  and  the  amount  of  such  is  what  we've  been  dis- 
cussing about  the  debate,  and  therefore  what  I  would  urge  you  to 
pay  attention  to  in  terms  of  some  near-time  help,  near-term  help 
from  science,  is  in  the  heightened  discussions  and  debate  over  the 
next  year  or  two,  whether  it  be  through  this  international  assess- 
ment that  I've  described  or  hearings  like  these  or  scientific  publica- 
tions or  special  conferences,  has  the  conviction  of  the  scientific 
community  weakened  in  that  statement,  that  increasing  green- 
house gases  will  ultimately  lead  to  a  global  warming? 

And  it  ties  back  to  my  first  point,  and  that  is,  if  it  does  lie  in  the 
future,  if  scientific  opinion  is  right,  and  if  there  is  a  time  delay, 
then  perhaps  the  issue  of  whether  it  has  or  has  not  arrived  is  not 
as  important  as  the  scientific  belief  in  whether  it  will  arrive  or  not. 

Mr.  Michaels.  I  might  emphasize  that  the  problem  is  simply  not 
scientific    in   what   we   would   consider   the   traditional   scientific 
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realm.  There's  a  problem  that  eventually  devolves  into  economics 
and  cost,  and  consequently  that  means  that  we  are  dealing  with 
what  may  be  the  greatest  systems  analysis  problem  to  ever  come 
across  the  line.  It's  not  simply,  will  it  warm  up,  but,  in  fact,  what 
will  that  do,  and  what  will  that  cost? 

And  that's  why  we  have  to  be  very  careful  about  the  ranges  of 
estimates  that  are  given  on  this.  There  is  a  tolerable  warming. 
Nobody  knows  what  that  is,  at  which  it  might,  in  fact,  be  counter- 
productive to  be  overly  interventionist. 

I  think  the  economists  have  to  be  brought  into  the  picture  here 
to  tell  us,  in  fact,  what  that  value  would  probably  be. 

Mr.  Sharp.  Do  any  of  you  doubt — let  me  put  it  this  way.  Dr. 
White,  the  National  Academy  of  Sciences  and  National  Academy  of 
Engineering  have  made  a  general,  with  some  specifics,  recommen- 
dations to  the  President,  and,  I  assume,  to  the  Congress  as  well  as 
to  prudent  steps  that  we  ought  to  take.  They  do  not  seem  to  me  at 
this  point  to  be  grand  interventions  in  the  economy  or  dramatic 
changes  in  lifestyle,  but  they  do  require  us  to  take  actions  on 
energy  efficiency,  on  deforestation.  There  were  several  other  items 
that  slip  my  mind  at  the  moment.  And  they  suggest,  though,  that 
we  not  wait  for  further  scientific  evidence  to  do  that. 

Is  there  any  doubt  that  we  ought  to  be  taking  prudent  steps 
along  those  lines?  There's  always  a  cost-effective  argument.  My 
own  assumption  is  that  our  system  is  overwhelmingly  designed  to 
preserve  the  status  quo  and  that  the  risks  of  overintervention,  they 
will  be  large  in  speeches  and  in  the  news  media  and  in  congression- 
al debate,  but  in  terms  of  real  action,  one  seldom  sees  such  grand 
interventions  that  society  collapses. 

What  I'm  curious  about,  whether  you  think  the  prudent  course  is 
to  act  upon  what  we  know  now,  rather  than  waiting  5  years,  in  the 
sense  along  the  direction  as  articulated  by  the  National  Academy 
of  Sciences? 

Mr.  White.  Well,  of  course,  our  recommendations  do  indicate 
that  we  think  action  now  is  desirable,  but  actions  of  the  kind  that 
do  not  preclude  options  in  the  future.  There  are  a  number  of  ac- 
tions that  would  be  desirable  from  many  points  of  view.  They 
either  make  economic  sense,  or  they  would  assist  us  with  the  acid 
rain,  and  other  environmental  problems  such  as  biodiversity.  There 
are  many  positives,  and  if  we  can  take  courses  of  action  that  have 
lots  of  positives  and  very  few  negatives,  and  the  actions  represent 
insurance  policies  against  the  possibility  of  a  significant  climate 
warming,  to  us  it  makes  good  sense  to  head  in  that  direction. 

Mr.  Sharp.  Dr.  Schneider?  This  is  a  very  complicated  question.  I 
understand  that.  I  would  like  you,  if  you  can,  to  keep  fairly  brief, 
because  I  owe  it  to  my  colleagues  to  give  them  a  chance. 

Mr.  Schneider.  Briefly  as  I  started  out  earlier  saying,  what  to  do 
about  it  is  a  personal  value  choice,  but  you  asked,  so  I'm  delighted 
to  answer. 

And  in  my  value  system,  I  am  not  a  gambler  with  the  planet, 
and  I  believe  that  military  funding  is  appropriate,  even  though  we 
don't  use  economic  calculus  to  determine  that  we  have  a  military. 
We  may  argue  over  how  much  to  spend,  but  we  use  strategic  logic. 
It  isn't  simply  a  cost/benefit  analysis. 
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We  also  use  noneconomic  logic  to  have  national  parks  and  so 
forth.  The  question  is,  does  some  degree  of  planetary  insurance 
make  sense?  In  my  value  system,  yes,  and  what  to  do  specifically  is 
the  question,  and  I  agree  with  what  we've  called  the  tie-in  strategy, 
which  is  to  try  to  do  those  things  which  do — I  can't  say  no  harm, 
Bob;  I  think  there's  nothing  you  can  do  that  doesn't  do  some  harm. 
My  favorite  expression  in  ecology  is  that  in  nature  you  can't  do 
just  one  thing.  That's  also  true  in  politics. 

If  one  is  going  to  use  energy  more  efficiently,  undoubtedly  there 
are  some  people  who  produce  certain  forms  of  it  that  will  be  hurt. 
So  the  question,  then,  is  finding  the  politically  appropriate  way  to 
set  the  right  signals. 

If  I  may,  Mr.  Chairman,  read  from  your  testimony  4  years  ago 
when  we  had  a  similar  discussion  on  energy  efficiency,  we  were 
talking  about  the  frustrations  of  the  inability  at  that  time  to  have 
any  political  reality  from  our  beliefs  in  energy  efficiency.  It  was 
important  from  both  strategic  and  environmental  points  of  view, 
and  you  stated: 

So  my  heart  lies  in  that  direction.  I  have  no  political  illusions  about  any  possibili- 
ties of  that  happening  any  time  soon,  and  I  must  say  in  response,  I  am  partly  con- 
vinced that  in  many  instances  the  market  would  drive  it  faster  when  the  price  went 
up  than  when  we  were  able  to  get  the  regulations  out  to  cause  anything  to  happen. 
So  I  have  a  new  respect  for  the  market  to  be  able  to  do  a  lot  of  those  things  that  we 
were  fumbling  around  with.  Unfortunately,  the  market  doesn't  do  them  all. 

I  think  that  statement  is  just  as  true  today,  and  the  crux  of  the 
controversy — we  haven't  been  controversial  enough,  so  let  me  start 
it — the  crux  of  the  controversy  is  how  do  you  use  the  market,  and 
if  the  market  is  used  in  the  status  quo  way  to  which  you  referred, 
which  is  what  we're  doing  now,  I  think  it  won't  work. 

The  problem  is  that,  while  I  believe  in  a  free  market,  I  don't  be- 
lieve the  present  market  is  free.  I  think  it's  rigged.  It's  rigged,  be- 
cause the  cost  of  coal  or  oil  or  any  other  fuel  is  simply  the  cost  of 
digging  it  out  of  the  ground,  transporting  it,  and  the  small  profit 
margin  that  people  have  in  making  it.  That's  not  the  true  cost  of 
the  fuel.  The  true  cost  of  the  fuel  is  also  the  damage  from  acid 
rain,  the  local  air  pollution,  the  risk  of  greenhouse  change,  and  so 
forth.  And  if  one  had  a  user  fee — and  I  guess  I'll  be  honest  and 
utter  the  T  word,  a  tax — on  fuels  in  proportion  to  the  amount  that 
they  pollute — and  not  just  fuels;  it  could  be  deforestation  activities 
in  some  places  or  chlorofluorocarbons — then  the  right  market  sig- 
nals would  be  set  up  for  the  kinds  of  energy  efficiencies  that  we 
need  in  the  future. 

Indeed,  when  OPEC  came  along  and  dramatically  raised  the 
price  with  terrible  economic  consequences,  since  they  did  it  instan- 
taneously— it  didn't  happen  over  time — the  energy  efficiency  in 
this  country  and  others  went  way  up.  And  in  the  long  run,  I  would 
argue  that  our  economic  competitiveness  went  up.  We  paid  a  price 
in  unemployment  and  in  temporary  recession. 

So  the  question  is,  what  are  the  kinds  of  signals  that  we  can  set 
up,  so  that  a  market  works?  You  can't  make  a  market  work  by 
having  zero  environmental  price,  on  fuels.  It  simply  won't  work 
that  way.  But  we  can  make  a  market  work  if  we  "intervene"  to 
make  it  more  efficient. 
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My  argument  isn't  that  the  putting  of  a  tax  on  fuels  would  be  an 
intervention;  in  fact,  the  intervention  has  been  going  on  for  100 
years.  It's  been  the  nontax  on  fuels.  This  is  restoring  what,  in  fact, 
would  be  a  free  market,  and  we  can't  do  that  overnight.  It  will  take 
time,  because  people  will  be  hurt.  And  in  the  process,  I  think  that 
we  should  use  some  of  those  revenues  to  help  provide  transition 
compensation  to  those  people  who  would  be  differentially  hurt. 

Mr.  Sharp.  Thank  you. 

Dr.  Michaels,  do  you  think  we  should  take  an  prudent  steps? 
"Prudent"  is  the  keyword,  of  course. 

Mr.  Michaels.  Well,  I  would  like  to  back  off  a  little  bit  and  put 
your  question  in  a  wider  context,  and  it's  a  context  that,  in  fact, 
concerns  me. 

The  peculiarity  of  the  greenhouse  effect  problem  is  that  it  upsets 
the  normal  correlations  or  coalitions  of  forces  that  exist  around  en- 
vironmental problems.  We  see  groups  that  would  normally  be  at 
each  other's  throats — say,  nuclear  energy  and  solar  power  people — 
allied  on  this  issue.  We  see  various  and  sundry  other  groups  in  the 
conservation  field  and  other  energy  interests  that  come  allied  on 
this. 

The  point  is  that  when  you  establish  this  new  correlation,  which 
is  very,  very  strong,  the  political  pressures  on  you  to  act  are 
almost — you  can't  get  away  from  them.  So  I  urge  you  to 

Mr.  Sharp.  Trust  me.  If  you're  afraid  Congress  is  going  to 
act 

Mr.  Michaels.  I  won't  worry  about  that.  I  urge  you,  though,  to 
recognize  that  in  terms  of  environmental  issues,  that  the  normal 
forces  that  would  serve  as  checks  and  balances  on  this  issue  may 
not,  in  fact,  be  operating. 

Mr.  Sharp.  Well,  I  just — what  I  would  like  to  rather  get  from 
you  is  whether  or  not  along  the  scientific — I  mean,  that  may  be — 
that  is  a  possibility  or  a  probability  of  what  will  happen  in  politics, 
just  as  one  who's  run  through  the  electoral  system  on  the  Com- 
merce Committee  and  the  House  of  Representatives,  a  limited 
sphere  of  that,  I  can  just  tell  you  that  the  chances  of  this  Con- 
gress— there's  going  to  have  to  be  revolution  in  this  country  before 
there  is  such  dramatic  change,  because  of  the  national  media.  I 
know  it  seems  that  way  when  the  national  news  at  night  carries 
things,  but  when  it  finally  filters  through  and  everybody  goes  off  to 
look  at  all  the  other  problems  that  they  face  in  life  and  everything 
like  that,  we  just  never  quite  get  around  to  doing  it. 

So  my  greater  worry  is  whether  or  not  we  are  passing  up  the  op- 
portunity here  to  do  some  prudent  things.  Almost  every  radical 
proposal  that  will  come  into  the  Congress  will  never  come  out  as 
radical,  unless  there's  something — I  mean,  even  at  the  most  incred- 
ible, tense,  pressured  time  on  energy,  we  did  some  what  people 
might  see  as  radical  interventions,  and  some  of  them,  I  think,  now 
upon  reflection  were  wrong.  But  I  really  am  not  worried  about  that 
risk. 

At  the  moment,  I'm  just  wondering  whether  you  are  at  all  wor- 
ried about  the  risk  that  if  we  follow  the  line  that  you  just  took,  we 
simply  won't  do  anything  more. 

The  coal  industry  in  this  country  sure  as  hell  doesn't  want  us  to 
do  anything  that  will  cost  them  anything  more  on  environment, 
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and  I  can  name  each  other  industry.  I  don't  mean  to  get  personal 
about  it.  Each  one  of  them  will  have  some  good  economic  reason 
why  we  shouldn't  touch  them. 

The  end  result  is,  we  won't  touch,  if  we  follow  that  line  of  think- 
ing. All  I'm  asking  you,  are  there  prudent  steps  that  you  would 
take  on  this  or  not? 

Mr.  Michaels.  Well,  I'll  give  you  the  words  of  a  Senator,  Senator 
Wirth,  who  said  that  we  should  ride  the  global  warming  issue  to 
essentially  encourage  policies  that  are  a  good  idea  anyway. 

My  answer  is,  why  not  just  go  for  those  policies  and  don't  use 
this  as  an  excuse,  because  someday  you  may  lose  the  credibility  of 
the  issue? 

Mr.  Sharp.  Well,  if  it's  dishonest  to  use  it,  I  agree  with  you.  But 
if  it  happens  to  fit  together,  then  I — you  take  every  line  of  thought 
and  argument  that  you  can  find  in  order  to  win  the  case.  All  those 
other  policies  have  been  before  this  Congress  for  20  years  now,  and 
we  have  taken  actions  on  some  of  them.  We  took  some  good  ones 
last  year,  but  they're  all  like  this,  compared  to  the  potential  of  the 
problem. 

And  so  what  I'm  saying  to  you  is,  would  you  therefore  not?  You 
don't  believe  that  we  should  buy  any  insurance  on  the  global 
warming. 

Mr.  Michaels.  Of  course  I  do. 

Mr.  Sharp.  Oh,  okay.  Well,  that's  what  I'm  asking. 

Mr.  Michaels.  The  problem  is,  all  of  us  agree,  potentially  it's 
very,  very  serious,  and  prudent  action  is  certainly  a  good  idea. 
You're  not  going  to  get  me  to  defend  burning  the  tropical  rainfor- 
est. 

Mr.  Sharp.  Well,  there  are  people  that  want  to  do  that.  That's 
why  I'm  asking  you.  Should  the  U.S.  Government  be  trying  to  work 
with  others  to  slow  down  the  depletion  of  the  tropical  rainforest? 
Should  we  be  working  toward  cleaner  coal  technology?  Should  we 
be  working  to,  you  know,  greater  conservation? 

Mr.  Michaels.  Again,  perhaps  I'm  naive.  I'm  saying  these  are 
prudent  actions  we  should  be  taking  anyway,  and  most  people  will 
support  them. 

Mr.  Sharp.  They  don't  when  it  comes  to  putting  the  money 
where  the  mouth  is  in  American  politics,  that  is  the  problem  that  I 
have  with  what  you  say.  Most  people  give  lipservice  to  that  in  Con- 
gress and  outside  of  Congress,  but  you  get  something  up  here  to 
talk  about  really  doing  that,  and,  boy,  is  it  difficult  to  get  any 
movement  whatsoever. 

That's  just  a  difference  of  opinion  perhaps  we  have  on  how  re- 
sponsive the  system  is. 

But,  Dr.  Albritton,  I  didn't  mean  to  cut  you  out. 

Mr.  Albritton.  Well,  you  asked  the  question,  is  it  time  to  take 
action,  and  as  Steve  Schneider  has  articulated  many  times  and  in 
very  moving  ways,  that's  beyond  a  question  of  pure  science.  It  bal- 
ances science's  specific  input  with  a  variety  of  other  things  that 
fall  within  your  purview. 

As  a  NOAA  scientist — that  is,  one  who  is  focused  on  atmospheric 
and  oceanic  effects — let  me  state  the  scientific  aspect  that  feeds 
into  your  question  as  the  input  that  I'm  best  qualified  to  give.  And 
that  is— and  we've  all  said  it  in  several  ways— it  is  the  view  of 
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most  atmospheric  scientists  that  if  the  radiatively  active  trace 
gases  continue  to  increase,  that  the  ultimate  effect  on  the  planet 
will  be  a  warming,  a  warming  that  is  likely  to  be  larger  than  what 
we  have  experienced  during  civilized  times  and  comparable  to 
those  that  we  understand  have  happened  since  the  last  Ice  Age. 

It  is  that  part  of  the  scientific  problem  that  I  would  urge  you  to 
follow  as  you  assemble  the  pages  in  your  portfolio  that  will  make 
the  case  for  or  against  an  action.  You  can  see  it  at  the  end  of  1990 
on  the  international  scene  in  terms  of  the  strength  of  the  convic- 
tion or  lack  of  conviction  in  that  overarching  long-term  statement 
about  the  effect  of  these  trace  gases. 

Mr.  Sharp.  Thank  you,  Dr.  Albritton.  I  have  more  than  used  up 
my  time,  and  I  recognize  my  colleague  from  California,  Mr.  Moor- 
head. 

Mr.  Moorhead.  Well,  for  a  nonscientist,  it's  hard  to  pull  all  of 
these  things  together,  but  obviously  our  resources  in  fossil  fuels  are 
finite.  They  won't  last  forever,  especially  oil,  and,  of  course,  we're 
having  troubles  in  the  United  States  and  in  other  places  with  the 
amount  we  have.  We're  told  we  have  a  lot  over  there  in  Saudi 
Arabia  and  the  Near  East. 

But  I  guess  from  our  point  of  view,  we  get  to  wondering,  will 
those  last  long  enough  to  really  cause  any  real  problem  with  global 
warming,  because  obviously  the  trend  has  to  change? 

And  then  insofar  as  what  we  do  now  in  this  country,  can  we 
make  a  real  difference  in  the  world  with  global  warming,  if  it  is  a 
problem?  And  if  we  do,  I  gather  from  the  testimony  that's  been 
given  that,  of  course,  if  we  can  use  a  safe  nuclear  energy,  rather 
than  oil  and  coal,  we're  doing  something  about  the  problem.  If  we 
can  use  solar  energy,  like  there's  a  major  plant  out  in  California, 
and  many  people  in  the  warmer  climates  are  using  that,  we  can  do 
something. 

But  I  guess  we  wonder  whether  what  we  do  will  make  a  differ- 
ence. 

Then  we're  told  in  the  Health  Subcommittee  out  in  California  in 
a  hearing  they  had  out  there  that  we're  going  to  be  able  to  have 
battery-operated  cars  within  the  next  decade  or  two,  because 
they're  close  to  a  breakthrough.  Obviously  if  we  have  to  make  our 
electric  power  through  burning  oil  and  coal,  we  may  not  have  ac- 
complished too  much. 

But  I  just  wonder  what — if  we  could  increase  the  use  of  nuclear 
energy  and  this  high-temperature  gas-cooled  reactor  being  devel- 
oped by  the  General  Atomics  firm  in  California,  can  perhaps  create 
nuclear  energy  in  a  much  safer  way,  and  at  the  same  time  recover 
ocean  water  for  use  of  water  in  places  that  are  particularly  dry? 

Is  that  something  that  we  should  be  moving  toward,  Dr.  White? 

Mr.  White.  Let  me  give  you  some  answers.  I  may  not  have  the 
exact  data. 

Are  the  fossil  fuel  reserves  in  the  world  enough  to  cause  the  seri- 
ous climatic  warming  that's  predicted?  Yes  if  you  use  coal.  It  re- 
quires the  use  of  the  coal  reserves,  because  the  use  of  oil  and  gas 
reserves  as  presently  estimated  would  not  be  sufficient  by  them- 
selves to  cause  a  very  serious  warming.  Perhaps  somebody  else 
here  has  data  on  that. 
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Can  we  make  a  difference  in  the  United  States?  As  I  said  in  my 
testimony,  this  is  quintessentially  an  international  problem.  We 
are  talking  about  the  global  energy  system,  and  we're  talking 
about  energy  used  in  very  diverse  ways  and  for  very  diverse  pur- 
poses. It's  an  enormously  complicated  problem.  We  could  make  a 
small  difference,  but  not  a  real  one,  I  don't  think,  acting  unilateral- 
ly. We  would  have  to  have  action  taken  globally  by  many  coun- 
tries. 

With  regard  to  passively  safe  reactors  I  think  there's  encourag- 
ing research  now  going  on  and  I  think  it  would  be  a  prudent  course 
of  action  for  this  country  to  make  larger  investments  in  the  re- 
search to  develop  passively  safe  nuclear  reactors.  They  would  have 
to  be  publicly  acceptable.  That's  not  going  to  be  achieved  overnight. 
We  are  going  to  have  to  have  a  period  of  time  in  which  you  can 
demonstrate  to  the  public  that  these  are  publicly  acceptable  from  a 
safety  point  of  view,  and  you  would  have  to  deal  with  the  radioac- 
tive waste  disposal  problem.  Here  you  have  differences  of  opinion 
in  the  scientific  community  about  being  able  to  do  that  safely. 

My  own  view  is  that  the  technology  for  safe  disposal  of  radioac- 
tive waste  deposits  is  moving  along  and  that  over  the  course  of 
time  we  should  be  able  to  do  that. 

So  I  guess  I  would  answer  your  three  questions  that  you  raised 
as  I've  just  done,  sir. 

Mr.  Sharp.  Dr.  Schneider. 

Mr.  Schneider.  Yes,  thank  you. 

I  agree  with  what  Dr.  White  said  and  would  only  add  that  with 
the  public  acceptability  of  the  nuclear  problem  that  we  have  a  long 
way  to  go.  Fortunately,  we  have  some  time  to  do  it. 

The  single  "best"  solution  to  dealing  with  the  insurance  against 
greenhouse  warming  is  using  energy  most  efficiently,  and  we  know 
that  there  are  many,  many  arguments  for  doing  that.  It's  cheaper, 
many  people  have  shown  by  calculations,  to  improve  end  use  effi- 
cient than  it  is  to  build  new  powerplants.  Now  one  cannot  indefi- 
nitely use  energy  efficiency;  you  still  have  to  have  primary  energy, 
and  we're  talking  about  the  United  States  in  this  case,  so  that  we 
do  need  to  do  the  research  that  he  referred  to. 

One  other  point  that  is  important,  the  role  of  the  United  States. 
It's  been  argued  that  the  United  States  is  about  20  to  25  percent  of 
the  greenhouse  effect,  so  what  could  we  do  acting  alone?  We  could 
only  make  a  10  percent  difference. 

Yes,  it's  true  that  if  we  had  a  heroic  effort,  we  might  make  a  10- 
or  15-percent  difference  in  the  world,  maybe  perhaps  even  better  if 
we  had  a  super-heroic  effort.  And  my  argument  really  is  twofold. 

First  is  that  if  we're  the  only  country  to  do  it,  then  that  would  be 
economically  foolish  in  the  long  run.  However,  it's  very  unlikely 
that  we  would  be  the  only  country.  Somebody  has  to  have  moral 
authority,  and  it's  very  difficult  for  us  to  go  to  the  Chinese,  who 
are  looking — remember  the  population  multiplier  showed  earlier— 
who  are  looking  at  a  low  per  capita  standard  of  living,  and  tell 
them  that  they  can't  do  what  we  did,  that  they  can't  use  all  their 
coal  and  develop  their  industries  and  so  forth,  unless  we  at  the 
same  time  have  shown  that  we  have  used  our  advanced  technology 
and  our  better  economic  capability  to  do  a  better  job  ourselves. 
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But  beyond  that,  we  have  to  recognize  that  if  over  1  billion  Chi- 
nese are  going  to  use  their  rather  soft  and  dirty  coal  to  develop, 
then  at  least  let  them  use  half  as  much.  In  order  to  do  that,  that 
means  higher  capital  investments  to  get  powerplants  that  are  45 
percent  efficient,  which  is  at  the  state  of  the  art  in  my  understand- 
ing, not  30  percent  efficient  powerplants. 

So  that  means  they  would  have  fewer  of  them.  So  we  need  to 
talk  to  the  World  Bank,  for  example,  that's  involved  with  providing 
loans  and  say,  we're  on  your  side  for  giving  loans  to  the  Chinese  or 
the  Indians  to  develop,  even  if  they  have  to  use  coal.  As  a  clima- 
tologist,  it  hurts  me  to  say  that,  but  you  have  to  balance  their  need 
to  develop  with  environmental  pollution.  But  at  least  let's  make 
sure  that  the  infrastructure  that  developing  countries  build  both  to 
produce  the  energy  and  to  use  it  is  as  efficient  as  possible,  because 
what  they  build  now  will  be  locked  in  for  25  to  maybe  as  long  as  50 
years,  and  that  can  make  a  very,  very  large  difference  in  the 
amount  of  greenhouse  gas  buildup.  And  it's  slowing  down  the  rate 
of  change  that  to  me  is  what  is  most  essential. 

So  the  role  of  the  United  States  is  not  just  to  simply  cut  a  couple 
of  percent  off  the  world  CO2  findings,  but  to  set  the  example,  so 
that  the  really  big  numbers  in  the  future,  the  large  number  of 
people  who  want  larger  standards  of  living,  will  produce  much  less 
pollution  as  they  develop.  And  I  don't  think  that  will  happen  with- 
out our  active  intervention  and  help. 

Mr.  Sharp.  Okay. 

Mr.  Michaels.  I  think  one  of  the  points  I  would  like  to  under- 
score here  is  that  nobody  here  seems  to  be  saying  that  in  fact  the 
carbon  dioxide  concentration  is  not  going  to  go  up  in  the  future. 
That  is  something  we  are  going  to  have  to  live  with.  One  point  that 
has  been  neglected  is  that  there  are  other  trace  gases  that  are  ther- 
mally active.  The  chlorofluorocarbons  we  can  do  something  about. 
It  is  going  to  cost  people,  I  believe,  till  people  are,  in  fact,  willing  to 
pay  the  price. 

Methane  is  the  major  problem.  The  latest  papers  that  I  have 
seen  suggest  that  25  percent  of  the  methane  fraction  airborne  now 
comes  from  the  burning  of  biomass.  That  leaves  75  percent  that 
comes  from  sources  that  we  are  not  so  sure  of.  It  is  probably  some 
combination  of  rice  paddies  and  cattle. 

The  point  is  that  no  matter  what  interventionist  policy  we  begin 
to  pursue,  you  are  also  going  to  have  to  figure  out  how  to  live  with 
the  problem,  how  to  adapt  to  it.  I  think  that  is  something  that  de- 
serves to  be  recognized  in  the  heat  of  this  debate. 

Mr.  Moorhead.  Are  these  buildups  of  carbon  dioxide  reversible? 
Is  it  something  that  in  time  if  the  world  started  using  better  proce- 
dures or  were  careful  with  our  atmosphere 

Mr.  Michaels.  The  residence  time  is  very  long.  If  we  stopped 
putting  in  carbon  dioxide  in  the  atmosphere  today,  we  would  still 
be  above  our  background  concentration,  I  would  estimate,  for  what, 
7,500  years? 

Mr.  Schneider.  Hundreds. 

Mr.  Moorhead.  But  if  we  do  start  running  out  of  fossil  fuels  and 
we  use  other  sources  of  energy. 

Mr.  Michaels.  But  we  are  not  going  to  run  out  of  methane.  That 
is  the  problem.  Methane  appears  to  be  extremely  population  relat- 
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ed.  If  it  is  produced  by  rice  paddies,  and  many  people  think  it  is, 
you  are  going  to  have  to  change  the  entire  agricultural  system.  We 
can  barely  get  people  to  change  their  diet  in  the  United  States  to 
make  themselves  live  longer,  and  we  are  saying  that  somehow  we 
are  going  to  take  1  billion  people  who  live  on  rice  and  say  no  more 
rice  paddy  agriculture.  The  point  is  that  we  are  going  to  have  to 
live  with  it,  and  I  think  that  we  need  to  really  take  a  look  at  adap- 
tational  strategies  involved  in  this  issue. 

Mr.  Moorhead.  I  didn't  mean  to  ignore  you,  Dr.  Albritton. 

Mr.  Albritton.  I  can't  comment  wisely  on  alternative  energy 
sources.  That  is  outside  of  our  Agency's  thrust.  However,  I  did 
simply  want  to  underscore  the  international  aspect  of  the  problem. 
That  is,  several  of  the  witnesses  have  cited  that  it  requires  a  global 
approach  to  the  problem,  and  I  think  this  is  why  many  of  us  are 
willing  to  put  an  enormous  effort  in  the  next  year  to  making  sure 
that  at  least  the  science  is  internationally  agreed  upon  and  that 
offers  at  least  a  common  playing  field  for  the  international  discus- 
sions that  must  be  addressed  to  more  difficult  things  like  balanced 
trade  and  other  things. 

Mr.  Moorhead.  Thank  you. 

I  thank  the  gentleman. 

The  gentleman  from  New  Mexico  is  recognized. 

Mr.  Richardson.  Thank  you  very  much,  Mr.  Chairman.  I  want 
to  commend  the  witnesses  for  their  objectivity  and  their  scientific 
contributions. 

Let  me  just  try  to  deal  with  some  of  the  policy  aspects  that  many 
of  you  and  many  of  us  seem  to  be  dancing  around.  The  first  one 
deals  with  the  whole  issue  of  the  multilateral  approach.  Some  na- 
tions are  good.  Some  are  bad.  I  think  just  trying  to  get  the  CFC 
Treaty,  the  Montreal  protocol,  was  a  major  undertaking,  and  I 
commend  the  administration  last  year  for  moving  on  this  front. 
They  didn't  move  very  fast  on  many  other  fronts. 

Dr.  White,  I  noticed  in  the  recommendations  to  President  Bush 
you  talked  about  CFC's,  and  I  think  Dr.  Michaels  mentioned  that 
there  is  something  definitive  we  can  do  about  CFC's.  Recommenda- 
tion No.  2,  I  guess,  is  on  page  2.  You  said  that  provisions  in  the 
protocol  should  be  called  upon  to  encourage  deeper  reductions  in 
emissions  of  ozone-destroying  chemicals,  with  a  total  phaseout  of 
CFC's  on  a  reasonable  time  scale. 

Assuming  that  the  United  States,  hopefully,  will  take  the  lead  as 
we  did  internationally,  what  is  your  definition  of  a  reasonable  time 
scale  in  this  country  for  us  to  phase  out  CFC's? 

Mr.  White.  I  wish  I  could  give  you  a  number,  but  it  depends 
upon  the  disruptions  that  would  occur  because  of  a  total  phaseout, 
not  really  by  the  producers  but  by  people  who  are  dependent  upon 
the  CFC's.  So  you  would  want  to  do  it  in  a  reasonable  time,  making 
sure  that  you  had  substitutes  to  provide  for  the  various  purposes 
that  CFC's  now  provide.  I  don't  want  to  pick  a  number  out  of  a  hat 
because  we  are  certainly  not  talking  anything  before  2000,  it  seems 
to  me. 

Mr.  Richardson.  You  say  before  the  year  2000? 

Mr.  White.  You  are  not  talking  about  anything  before  the  year 
2000.  I  think  2000  would  be  the  earliest.  But  that  is  just  a  horse- 
back guess.  You  would  need  a  lot  of  time  for  the  system  to  adjust. 
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Mr.  Richardson.  Let  me  ask  another  policy  choice  that  I  think 
many  of  us  possibly  in  the  reauthorization  of  the  Foreign  Assist- 
ance Act  will  be  faced  with  this  year  unless  I  am  mistaken,  and 
that  is  what  happens  when  an  amendment  is  offered  on  the  floor  of 
the  House  this  spring  that  says  that  Brazil  for  its  deforestation 
practices  should  not  be  given  World  Bank  assistance  for  multilater- 
al efforts  because  of  their  abominable  practices  with  their  deforest- 
ation campaign?  What  happens  when  those  policy  choices  come 
suddenly? 

I  guess  my  question  is  you  have  all  talked  internationally  about 
a  need  for  a  multilateral  approach;  what  happens  when  the  posi- 
tive aspects  of  multilateralism,  that  is,  perhaps  giving  the  Brazils 
more  loans  to  clean  up  their  act,  getting  consortiums  to  be  part  of 
this  effort  rather  than  punish,  what  is  the  approach  that  we  need 
to  use  with  the  have  and  havenots?  Everyone  seems  to  be  calling 
for  an  international  conference.  What  more  do  we  need  to  do? 

Mr.  White.  I  just  wouldn't  presume  to  comment  on  what  steps 
the  World  Bank  or  the  United  States  working  with  the  World 
Bank  ought  to  take  with  regard  to  Brazil.  I  think  we  can  make 
some  general  statements  that  we  do  want  to  encourage  them  to 
preserve  tropical  forests  as  much  as  possible.  They  do  have  a  devel- 
opment problem  down  there.  The  question  is  to  channel  the  devel- 
opment activities  in  Brazil  in  ways  that  are  environmentally 
sound. 

I  am  not  quite  sure  how  you  do  that,  but  there  are  some  things 
we  can  do  when  you  come  to  U.S.  AID  policies.  It  seems  to  me,  we 
provide  money,  through  our  own  AID  programs  to  many  develop- 
ing countries.  In  making  grants  to  these  other  countries  we  can 
emphasize  the  need  to  improve  on  the  basic  scientific  and  techno- 
logical infrastructure  in  those  countries  so  that  they  can  under- 
stand and  take  those  steps  within  their  countries  that  could  reduce 
CO2  emissions,  that  is,  more  energy  efficient  plants  and  things  of 
this  nature. 

So  I  think  we  do  have  some  mechanism  within  our  own  govern- 
ment which  we  control  where  it  seems  to  me  we  can  encourage  the 
move  in  the  direction  of  environmentally  sound  practices. 

Mr.  Richardson.  What  is  frustrating  here  is  that  unfortunately 
you  are  giving  us  the  same  answers,  and  I  think  the  chairman  il- 
lustrated this,  the  same  policy  choices  that  we  have  to  face,  and 
this  is  why  the  value,  I  consider,  of  scientists  perhaps  drifting  into 
the  policy  arena  would  be  useful. 

Dr.  Schneider,  Dr.  Michaels,  Dr.  Albritton,  could  you  see  what  I 
am  trying  to  get  at  in  terms  of  what  do  we  need  to  do?  We  know 
what  the  options  are.  We  know  we  want  to  encourage  Brazil.  We 
know  we  want  to  do  things  in  an  environmentally  sound  manner. 
We  know  we  don't  want  to  alienate  Brazil.  But  tell  us  what  to  do. 

Mr.  Schneider.  It  is  a  good  and  a  tough  question  and  there  is  no 
magic  solution.  The  best  that  I  think  we  can  do  is  to  slow  down  the 
problem  by  taking  a  lot  of  small  steps.  If  you  add  up  enough  nick- 
els and  dimes,  soon  you  have  half  a  dollar,  and  lots  of  little  things 
need  to  be  done.  We  have  to  work  at  the  psychological  front,  the 
economic  front  and  the  political. 

Psychologically,  as  I  said  earlier,  showing  some  moral  authority 
from  getting  our  own  house  in  order.  There  is  suspicion  on  the  part 
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of  Third  World  countries,  and  it  is  not  misplaced,  that  this  is  just 
another  attempt  of  the  imperialist  powers  to  deny  them  their  right- 
ful development.  If  we  showed  that  we  were  making  some  initial 
financial  investments  at  home,  then  it  would  help  to  evaporate 
that  argument. 

At  the  same  time,  most  Third  World  countries  are  not  environ- 
mentally stupid,  and  in  fact  many  of  them  are  aware  that  their  de- 
velopment policies  are  not  even  sustainable  in  the  long  run.  Indo- 
nesia, for  example,  has  a  transmigration  project  to  take  the  densely 
populated  island  of  Java  and  move  people  off  to  Kalimantan  and 
Sumatra. 

So  where  they  are  moving  them  to  is  tidal  plains,  coastal  low- 
lands which  are  being  deforested  by  the  Japanese,  which  has  many 
ecologists  very  upset  because  these  are  fragile  ecosystems  which 
have  high  species  diversity.  Yet,  if  a  tropical  cyclone  comes  by  in 
these  tidal  swamps  in  these  areas  that  are  just  a  little  bit  above  sea 
level,  those  very  villages  that  are  being  set  up  could  be  washed  off 
even  today,  and  if  sea  level  rises  a  couple  of  feet  over  the  next  cen- 
tury from  global  warming,  then  the  sustainability  of  that  develop- 
ment is  very  low. 

The  minister  of  environment  from  Indonesia  was  directly  asked 
that  question  by  a  former  postdoc,  a  graduate  student  of  mine.  He 
said  to  the  minister:  "If  it  is  so  bad  and  you  know  it,  why  don't  you 
just  stop?"  The  minister  responded:  "What  else  do  you  suggest  for 
us  to  do  to  get  the  $2.5  billion  that  we  are  being  paid  for  those 
trees?" 

The  key  is  it  is  not  ignorance  but  desperation.  Poverty  is,  in  fact, 
a  environmental  disrupter.  So  what  we  have  to  recognize  is  not 
only  do  we  have  to  do  things  at  home,  which  our  chairman  has  re- 
minded us  is  difficult,  but  we  also  have  to  do  things  overseas  as 
well.  We  shouldn't  be  in  despair  because  it  is  impossible  to  stop 
some  buildup  of  greenhouse  gases.  I  agree  with  Pat  Michaels  that 
adaptation  is  part  of  the  story. 

But  if  we  can  quantitatively  make  a  difference,  a  doubling  of 
greenhouse  gases  in  the  year  2050  is  definitely  worse  than  a  dou- 
bling in  the  year  2100,  and  the  rate  at  which  things  change  is  the 
problem.  The  faster  things  change,  the  more  likely  it  is  that  we 
won't  know  what  is  going  to  happen,  the  more  likely  there  will  be 
nasty  surprises  and  the  more  disruption.  So  if  we  can  do  a  lot  of 
little  things  and  help  provide  incentives  to  those  countries  and 
show  that  what  we  are  doing  at  home  is  adding  some  measure  of 
sacrifice,  then  incrementally,  step  by  step,  we  can  make  a  differ- 
ence. 

Mr.  Richardson.  My  last  question  to  Dr.  Michaels  and  Dr.  Al- 
britton.  I  don't  mean  to  prejudge  your  response,  but  both  of  you 
were  insistent  on  the  need  for  more  research.  On  the  uncertainty 
side,  you  probably  signed  off  more  than  two  other  witnesses.  I 
guess  my  question  is:  One  aspect  of  the  global  warming  has  been 
the  acid  rain  debate.  You  have  heard  of  the  inaction  of  the  Con- 
gress and  the  government  in  dealing  with  the  acid  rain  debate,  and 
it  has  been  because  industry  will  tell  and  the  previous  administra- 
tion was  telling  us  we  need  more  research,  we  need  more  research. 
Do  you  see  this,  putting  a  future  cap  on,  by  the  year  2000  that 
you  will  be  sitting  here  and  saying  the  same  thing? 
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Mr.  Michaels.  No.  First,  you  are  going  to  have  to  balance  the 
need  for  research  with  the  magnitude  of  the  problem.  I  am  sure  I 
am  going  to  irritate  a  lot  of  people  by  saying  that  the  acid  rain 
problem  is,  in  fact,  not  nearly  as  emergent  or  as  important  or  as 
serious  as  the  global  warming  problem  if,  in  fact,  the  worst  case 
global  warming  scenarios  are  true. 

Now,  we  do  see  these  very  strange  things  in  the  temperature 
record  where  it  looks  like  in  fact  these  nighttime  temperatures 
might  be  coming  up.  We  see  the  disparity  between  the  hemi- 
spheres, where  the  Southern  Hemisphere  is  warming  up  much 
more  greenhouse  like  than  the  Northern  Hemisphere.  Surely  we 
have  to  understand  these  things  before  we  go  defending  a  policy  in 
the  Third  World. 

Dan  Jaansen,  who  holds  what  is  the  equivalent  of  the  Nobel 
prize  in  ecology,  commented  recently  in  Science  Magazine  that  if 
we  were  to  push  the  reforestation  solution  on  people  who  live  on 
marginal  agriculture  in  the  tropics,  we  will  be  disrupting  the  way 
of  life  of  1  billion  people. 

All  those  people  have  to  do  is  say,  wait  a  minute,  we  know  that 
there  is  something  fundamentally  wrong  with  our  understanding  of 
this  problem  with  respect  to  certain  temperature  curves  or  with  re- 
spect to  nighttime,  daytime  warming,  and  we  are  not  going  to  go 
along  with  this.  So  in  order  to  assure  you  can  defend  the  policy,  we 
have  got  to  do  a  little  bit  more  work  on  it.  I  am  sorry.  I  am  not 
dragging  my  feet.  I  am  trying  to  make  sure  we  do  the  right  thing 
and  get  the  right  answer. 

Mr.  Albritton.  I  would  assume  that  in  policy,  as  it  is  in  science, 
there  is  a  hierarchy  of  actions.  That  is,  there  is  a  zero  thought  or 
action,  a  refined  action  later,  and  further  refinements  after  that. 
So  the  question  is  what  hierarchies  of  understanding  of  science  are 
available  to  help  you  with  these  zero,  first  and  second  order  deci- 
sions. 

What  I  have  tried  to  emphasize  is  that  in  thinking  globally  and 
in  thinking  of  the  longer  term  and  in  thinking  of  the  fact  that  once 
we  discover  we  are  dealing  ourselves  a  losing  hand,  we  can't  quite 
quit  the  game  so  easily.  The  zero  thought  or  science  statement  that 
I  think  is  of  most  utility  for  you  in  the  next  year  or  so  as  you  focus 
on  this  zero  thought  or  policy  action  is  the  statement  that  most  sci- 
entists feel  that  if  these  greenhouse  gases  continue  to  increase  una- 
bated, that  it  is  very  likely — which  are  fairly  strong  words  for  sci- 
entists— it  is  very  likely  that  warmings  will  ultimately  occur,  per- 
haps not  in  our  lifetime  but  perhaps  in  our  children's  lifetime,  that 
are  on  a  scale  that  we  have  never  experienced  as  a  civilization 
before. 

That  is  a  zero  thought  or  statement  that  I  urge  you  to  watch  in 
the  next  year  or  so  to  see  if  anybody  with  their  new  research  turns 
it  over.  I  think  that  is  the  statement  that  would  match  more  close- 
ly to  your  zero  authority  needs. 

Now,  in  underscoring  the  need  for  more  research,  I  try  to  empha- 
size that  you  are  going  to  have  to  make  later  decisions  involving 
regional  problems,  and  we  simply  cannot  offer  you  good  advice  on 
regional  problems  yet.  In  my  written  testimony  I  tried  to  outline 
how  we  can  improve  that,  how  we  see  angles  of  research  that  must 
be  done  in  order  to  be  of  better  service  to  you  in  terms  of  later  and 
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second  order  decisions.  I  tried  to  divide  it  up  into  those  two  levels 
of  uncertainty  and  knowns  from  the  zero  thought  or  estimate,  from 
an  ultimate  refined  estimate  that  could  come  later. 

Mr.  Sharp.  Thank  you. 

The  gentleman  from  Tennessee,  Mr.  Cooper. 

Mr.  Cooper.  I  thank  the  Chair. 

One  of  the  hardest  things  about  politics  is  that  very  few  people 
listen  to  the  nuances  of  what  you  say.  There  is  an  inevitable  car- 
tooning tendency.  It  seems  to  me  that  from  this  panel  most  Ameri- 
cans will  probably  never  be  aware  that  all  four  witnesses  were  in 
substantial  agreement.  The  reporters  will  probably  highlight  the 
differences  between  Dr.  Michaels  and  Dr.  Schneider,  and  I  think 
that  we  should  thank  the  two  gentlemen  for  being  willing  to 
engage  in  polite  argument  over  some  of  the  nuances  of  the  issue. 

But  we  shouldn't  forget  that  in  the  larger  scheme  of  things,  these 
are  nuances.  It  is  not  a  headline,  you  know,  ''Chicken  Little  versus 
Paul  Revere."  Everyone  on  the  panel,  in  my  opinion,  is  a  Paul 
Revere  of  sorts.  Some  people  want  to  ride  faster  than  others.  Dr. 
Michaels  may  even  want  to  walk  until  he  is  very  sure  of  the  direc- 
tion he  is  heading.  But  it  is  important  for  the  public  to  realize  that 
since  the  timelags  are  so  great,  that  we  need  to  begin  the  journey 
now. 

The  vested  interests  are  so  powerful  and  so  overwhelming,  as  I 
believe  the  chairman  has  stated,  and  I  believe  his  phrase  was  the 
risk  of  overintervention  is  small.  That  is  the  strongest  form  of  un- 
derstatement I  think  I  have  ever  heard. 

So  to  me  the  bottom  line  message  is  that  all  panelists  are  in  sub- 
stantial agreement.  Their  differences  are  of  degree,  not  of  kind. 
You  all  think  action  should  take  place;  it  is  a  question  of  how  the 
action  occurs. 

Dr.  Michaels,  I  see  you  squirming.  Would  you  like  to  say  some- 
thing? 

Mr.  Michaels.  The  reason  I  am  squirming  is  because  I  tend  to 
agree,  by  and  large,  with  your  statement  but  I  have  seen  others  in 
the  government  make  statements  that  people  who  express  what 
they  characterize  as  the  contrarian  point  of  view — and  I  guess  that 
is  me — are  doing  a  disservice  and  they  are,  in  fact,  impeding  our 
ability  to  act  on  this  issue.  I  would  like  to  submit  that  knowledge, 
in  fact,  is  power,  and  if  there  are  some  things  that  we  have  to 
know,  a  person  who  brings  up  the  fact  that  there  might  be  some 
critical  factor  here  that  we  are  not  looking  at  is  by  no  means  irre- 
sponsible but,  in  fact,  trying  to  protect  our  policy  on  this  issue. 

Mr.  Cooper.  I  just  hope  those  people  you  are  referring  to,  I  hope 
that  you  realize  they  are  helping  you  build  a  career  and  that  is  not 
a  small  side  benefit.  You  also  have  to  realize  that  in  the  inevitable 
cartooning  tendency,  there  are  people  who  want  to  paint  you  un- 
fairly as  being  antigreenhouse  effect.  You  have  to  resist  strongly 
that  tendency  and  that  characterization. 

Many  people  don't  realize  that  in  Washington  anything  can  have 
a  lobby  representing  it,  even  scientific  uncertainty.  That  is  prob- 
ably one  of  the  biggest  and  best-funded  lobbies  if  you  are  talking 
about  tobacco  smoke,  for  example.  So  please  bear  in  mind  that 
there  are  people  who  would  like  to  use  your  testimony  to  shield 
less  noble  causes. 
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So  to  me  it  is  difficult  to  mesh  science  and  politics.  We  speak  two 
different  languages,  as  has  been  pointed  out  many  different  times, 
but  please  bear  in  mind  the  timelag  necessary.  If  you  were  to  issue 
a  clarion  call  for  action  today,  Congress  might  act  a  decade  from 
now.  All  of  you  have  already  pointed  out  that  these  anthropogenic 
effects  have  already  been  in  place.  Even  if  we  stopped  production  of 
chlorofluorocarbons,  the  effect  would  last  probably  well  into  the 
next  century. 

The  American  public  generally  does  not  realize  that,  so  in  com- 
municating with  the  public,  some  politicians  have  on  occasion  been 
guilty  not  of  understatement  but  of  overstatement.  I  don't  think  it 
is  the  wish  of  any  politician  to  seem  antiintellectual  or  antiscience. 
I  hope  that  you  are  willing  to  forgive  overstatement  on  our  part 
sometimes  as  we  are  willing  to  forgive  overcautiousness  on  your 
part.  We  play  by  two  different  sets  of  rules,  and  I  think  we  are 
more  sensitive  to  timelags  in  public  understanding.  You  are  prob- 
ably more  sensitive  to  the  timelags  in  the  oceans  and  the  thermal 
lags  involved  there. 

So  to  me,  bridging  the  two  cultures  is  hard  and  I  would  appreci- 
ate your  forebearance  as  much  as  possible.  To  me  the  differences 
between  you  and  Dr.  Schneider  are  so  small  they  almost  boil  down 
to  stylistic  differences.  In  fact,  to  me  you  almost  seem  like  the  Amy 
Vanderbilt  of  this  because  you  are  concerned  that  he  might  have 
used  a  wrong  phrase  or  might  have  overreached  on  occasion  or  per- 
haps his  hands  might  have  been  scientifically  a  little  bit  dirty. 

It  is  important  to  point  those  things  out,  but  don't  let  yourself  be 
used  by  folks  who  do  not  share  your  interests  for  scientific  purity, 
because  the  tendency  is  out  there.  The  vested  interests  are  strong.  I 
hope  the  message  goes  out  from  this  hearing  that  you  are  in  sub- 
stantial agreement,  not  that  there  are  some  people  who  want  to  act 
and  some  people  who  think  we  can  afford  to  wait  decades  before  we 
moved. 

I  wish  we  lived  in  a  perfect  world  in  which  acknowledgement  of 
a  scientific  risk  could  mean  appropriate  action.  The  lag  is  so  great, 
however,  that  sometimes  politicians  are  perhaps  overanxious  to  go 
ahead  and  act  so  that  when  the  time  comes,  we  will  have  taken  at 
least  the  beginnings  of  appropriate  steps. 

Mr.  Michaels.  Yes,  but  I  will  point  out  that  the  range  of  scientif- 
ic opinion  on  this  in  terms  of  the  amount  of  warming  that  one 
would  expect  or  how  that  warming  would  be  distributed,  which  is 
very,  very  important  in  its  effect,  that  range  of  opinion  is,  in  fact, 
quite  broad  at  this  point  in  time.  I  do  you  a  disservice  if  I  tell  you 
that  everybody  thinks  one  discrete  thing  is  going  to  happen. 

My  major  concern,  though,  is  I  find  it  a  much  more  difficult  and 
challenging  problem  to  deal  with  a  range  of  future  uncertainty 
rather  than  a  specific  forecast.  That  is  why  you  have  to  be  very, 
very  prudent  and  very  cautious  in  your  action. 

Mr.  Cooper.  I  think  it  is  fine  to  point  out  that  range  and  the  sig- 
nificance of  the  range.  It  is  my  feeling  that  virtually  every  panelist 
pointed  out  that  range  at  least  indirectly  today.  I  think  you  have 
served  a  very  valuable  function  in  the  debate.  The  Nation  was 
looking  for  someone  they  could  paint  as  antigreenhouse.  You  have 
served  that  purpose  for  the  time  being.  But  now  that  everyone  is 
clarifying  their  approach  and  using  more  precise  language,  to  me 
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perhaps  another  approach  might  be  helpful  in  pushing  us  along 
toward  greater  understanding. 

I,  for  example,  found  interesting — to  get  specific  for  a  second — a 
Connecticut  electric  utility,  I  believe,  has  leased  or  arranged  some- 
how to  plant  a  lot  of  trees  in  Guatemala.  To  me  that  is  an  interest- 
ing private  sector  initiative  that  acknowledges  some  of  the  externa- 
lities that  are  associated  with  a  private  powerplant. 

Getting  practical  for  a  second,  there  will  be  people  who  oppose 
initiatives  like  that  for  other  utilities.  Those  people  in  public  meet- 
ings will  cite  your  name  and  your  reputation  and  say  that  you 
agree  with  them.  We  need  to  be  careful.  I  would  like  to  get  your 
feeling  on  the  Connecticut  example,  but  my  guess  is  you  wouldn't 
think  that  is  a  terribly  inappropriate  action.  It  perhaps  is  insensi- 
tive to  the  interest  of  the  Third  World,  but 

Mr.  Michaels.  Again  I  would  only  point  out  that  Dr.  Jaansen, 
who  I  believe  is  at  Penn,  did  say  we  would  have  to  be  careful  in 
these  reforestation  programs  because  they  can,  in  fact,  create 
major  social  unrest. 

Mr.  Cooper.  That  is  true,  but  when  we  pay  for  the  right  to  plant 
trees,  perhaps  they  are  also  getting  a  benefit  that  could  alleviate 
terrible  social  problems  today.  Perhaps  when  we  educate  Brazilians 
that  when  they  clear  the  forest,  the  subsoil  is  inadequate  to  sustain 
cattle  ranching  for  longer  than  a  year  or  two,  they  could  see  what 
is  really  in  their  long-term  interest  as  opposed  to  their  short-term 
interest. 

So  I  would  urge  you  to  be  cautious  because  there  are  people  ev- 
erywhere who  will  want  to  use  what  you  say,  not  as  you  intend  it 
but  to  slow,  if  not  halt,  any  action,  and  by  then  it  might  well  be  too 
late.  That  is  the  fear  that  I  think  most  policymakers  have,  the  diffi- 
culty in  communicating  between  the  two  cultures. 

I  am  sure  my  time  has  expired.  I  thank  the  chairman. 

Mr.  Sharp.  The  gentleman  from  Utah,  Mr.  Nielson. 

Mr.  Nielson.  Thank  you.  It  is  difficult  to  follow  that  philosophi- 
cal discourse. 

I  am  sorry  Dr.  Schneider  left.  I  had  several  questions  for  him 
which  I  would  like  permission  to  submit  to  him  for  the  record. 

Mr.  Sharp.  Certainly.  He  indicated  he  had  to  go  on  another  hear- 
ing that  was  being  held. 

Mr.  Nielson.  I  understand.  Let  me  ask  the  questions  and  let  the 
other  people  take  a  crack  at  them. 

Dr.  White,  I  like  your  idea  of  taking  courses  of  action  which  have 
positives  and  very  little  negative  and  which  can  only  help  and 
would  not  preclude  further  action  later  as  we  gain  more  scientific 
information.  I  think  that  is  a  responsible  situation. 

Dr.  Schneider  said  some  interesting  things.  He  said  we  should 
have  a  tax  or  a  fee  proportionate  to  the  damage  caused  by  various 
actions,  CFC's,  fossil  fuels,  and  so  on.  Our  chairman  indicated  we 
are  having  trouble  with  acid  rain  and  the  coal  people  don't  want  to 
do  anything.  Let  me  see  if  I  can  tie  those  together  and  see  if  Con- 
gress has  not  maybe  made  a  bigger  problem  than  it  should  have. 

When  we  passed  the  Clean  Air  Act,  I  think  Mr.  Sharp  was  a 
member  of  the  committee  when  that  happened,  and  we  said  we  will 
take  the  coal  as  it  stands  and  we  will  reduce  70  percent  of  the 
sulfur  dioxide  out  of  that  coal  by  scrubbing.  It  doesn't  matter  how 
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dirty  the  coal  is;  we  will  take  70  percent.  We  will  take  the  same 
percentage  off  from  the  clean  coal  as  we  do  from  the  dirty  coal. 

So  what  we  have  done  is  we  take  high  sulfur  coal,  which  after 
being  scrubbed,  is  still  dirtier  after  the  70  percent  reduction  in 
many  cases  than  some  low  sulfur  coal  elsewhere  in  the  country. 
That  was  certainly  not  based  on  what  the  adequate  level  would  be. 
It  was  going  to  force  everybody  to  do  the  same  percentage  reduc- 
tion. 

Second,  we  say  we  will  solve  this  all  by  clean  coal  technology, 
and  yet  our  bills  that  we  talk  about  in  acid  rain  preclude  fuel 
switching  or  any  washing  or  anything  which  could  reduce  the 
sulfur  naturally.  Third,  our  World  Bank  was  mentioned.  We  should 
help  China  develop  their  coal  reserves,  their  resources,  make  sure 
that  they  use  their  dirty  coal,  but  let's  make  sure  they  get  54  per- 
cent efficiency  instead  of  28  percent  and  so  forth. 

Our  World  Bank  has  a  terrible  record.  I  am  sorry  Mr.  Richard- 
son left  because  it  affects  his  area  directly.  The  World  Bank  loaned 
money  to  Mexico  to  build  the  Cananea  refinery,  a  copper  refinery, 
and  also  one  in  Narcazona.  They  don't  require  any  scrubbing  in 
those  plants,  so  those  refineries  billow  their  sulfur  dioxide  across 
our  border  without  the  scrubbing,  and  with  World  Bank  financing. 
At  the  same  time,  they  destroy  our  copper  refineries,  primarily  in 
New  Mexico  and  Arizona,  but  Nevada  and  Montana  as  well. 

It  seems  to  me  like  our  World  Bank  has  not  really  helped  the 
problem.  If  the  World  Bank  would  say  to  China,  build  those  effi- 
cient coal  ones  but  also  scrub  them  before  we  will  lend  you  the 
money,  maybe  they  would  really  be  an  instrument  to  help.  But  if 
they  don't  require  the  atmospheric  and  the  environmental  things 
along  with  it,  it  seems  to  me  like  it  would  be  counterproductive  for 
the  World  Bank  to  push  the  electric  industry. 

I  would  like  any  of  you  to  comment  on  these  industries.  I  repre- 
sent a  very  high  quality,  low  sulfur  coal  State,  as  you  might  have 
guessed.  I  have  had  a  private  complaint  about  the  Clean  Air  Act  as 
being  regionally  insensitive  to  the  differences  in  the  area. 

Do  I  make  any  sense  or  am  I  completely  off  base? 

Mr.  White.  You  certainly  raise  a  lot  of  fundamental  questions. 
There  are  many  ways  to  skin  a  cat,  is  what  I  hear  you  saying,  and 
that  we  may  not  be  skinning  the  cat  in  the  right  way.  We  as  scien- 
tists can  say  something  about  how  much  of  the  emissions,  sulfur 
dioxide  and  others,  that  go  up  will  come  down,  and  we  can  say 
something  about  what  their  impact  will  be  and  we  can  give  you 
some  recommendations  on  the  extent  to  which  you  might  wish  to 
cut  back  those  emissions.  Then  you  head  into  the  kinds  of  problems 
you  tackle  up  here  on  the  Hill:  who  pays,  how  do  you  pay,  who  car- 
ries the  burden?  Those  are  the  kinds  of  things  you  are  talking 
about. 

Obviously,  the  Western  low  sulfur  coals  are  much  to  be  desired 
in  firing  electric  utilities.  Set  against  that  you  have  the  other  prob- 
lems of  the  high  sulfur  coal  producers.  You  arrive  at  a  compromise 
up  here,  which  may  not  be  the  best  compromise  in  the  world  but  it 
certainly  is  a  step  in  the  direction  of  reducing  the  sulfur  dioxide 
emissions.  I  guess  that  is  the  real  world. 

I  think  that  there  is  a  general  movement  in  this  country  and 
others  that  we  have  to  use  more  economic  incentives  to  take  into 
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account  externalities.  It  seems  to  me  that  is  a  general  way  in 
which  to  go.  That  is  easy  enough  to  say;  it  is  hard  to  do.  If  we  keep 
pushing  and  using  such  incentives,  I  think  that  gradually  we  will 
get  where  we  want  to  go. 

With  respect  to  the  World  Bank,  I  think  you  cite  an  example 
which  really  characterizes  the  problem  very  well.  I  would  hope 
that  our  representatives  in  the  World  Bank  in  making  loans  would 
want  to  talk  to  the  Chinese  or  the  Mexicans  or  any  other  country 
when  they  make  a  loan  for  any  energy  production  facilities  or 
other  kinds  of  industrial  facilities  to  ask  and  even  take  some  strong 
steps  to  make  sure  that  those  are  as  environmentally  benign  as  one 
can  make  them  with  modern  technology. 

It  is  not  always  possible,  but  it  should  be  our  goal,  it  seems  to 
me.  I  would  certainly  urge  that  those  are  the  kinds  of  positions  we 
ought  to  take  in  the  World  Bank. 

Mr.  Nielson.  Thank  you.  It  seems  to  me  if  the  World  Bank  is 
going  to  help  develop  industrially  these  backward  countries  and 
these  developing  countries,  it  ought  to  also  stress  what  they  are 
doing  in  the  environment  and  include  that  as  part  of  the  loan. 
That  is  my  point. 

The  second  thing  I  was  going  to  mention  is  I  notice  that  the 
trends — and  by  the  way,  Dr.  Michaels,  Mr.  Cooper  mentioned  you 
might  be  viewed  as  biased.  I  think  tipping  them  the  way  you  did  on 
the  screen  made  them  look  flat  even  when  they  were,  in  fact,  rising 
in  some  instances.  I  know  that  was  not  intentional  and  your  ma- 
chine didn't  work  very  well,  but  I  thought  it  was  very  cleverly 
done.  I  used  to  be  a  statistics  professor,  and  one  of  the  texts  is 
"How  to  Lie  with  Statistics."  Your  visual  presentation  made  it  flat 
and  slightly  declining  even  when  it  was  rising. 

Mr.  Michaels.  The  projection  was  distorted,  not  the  interpreta- 
tion. 

Mr.  Nielson.  Even  in  spite  of  that,  I  was  able  to  detect  that 
things  went  down  from  1930  to  1972  and  then  they  rose  from  1972. 
What  accounts  for  that  apparent  decline  for  a  quarter  of  a  century 
and  then  an  increase  recently? 

Mr.  Michaels.  That  depends  upon,  frankly,  which  theory  you 
aspire  to.  Some  people  will  tell  you  primarily  it  is  a  function  of  vol- 
canic activity,  particularly  the  explosion  of  Mt.  Agung  in  1963.  I 
am  not  so  sure,  in  fact,  that  is  the  case.  I  think  that  there  is  a  cer- 
tain level  of  variability  in  climate,  which  I  will  call  natural  only 
because  we  can't  explain  it,  and  that  is  in  fact  what  that  is. 

Therein  lies  an  interesting  problem  that  many  scientists  have 
pointed  out.  Pulling  the  greenhouse  signal  out  of  the  climatic  hay- 
stack, if  you  will,  the  noise,  is  going  to  be  a  very,  very  difficult 
proposition.  It  is  not  so  sure  that  we  even  know  what  the  real  level 
of  variability  is.  Dr.  Schneider  has  been  sitting  on  a  paper  I  submit- 
ted to  his  journal  for  a  good  year  now  that  says  it  is  twice  as  much 
as  we  used  to  think  it  was. 

Mr.  Nielson.  But  the  global  temperature  going  down  from  a 
period  of— it  increase  from  1880  to  1938,  then  decreased  from  1938 
to  1972,  and  now  we  are  on  the  rise  again.  What  do  we  know  would 
cause  that?  Dr.  Albritton  or  Dr.  White?  Also  along  with  that  same 
question  let  me  ask  the  other  one. 
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According  to  the  philosophy  and  according  to  the  predictions  of 
Dr.  Schneider  and  other  groups,  it  should  have  risen  quite  a  bit, 
and  yet  in  fact  it  has  only  increased  by  0.2°C.  Why  has  it  not 
warmed  to  the  extent  it  was  predicted? 

Mr.  Michaels.  Nobody  knows.  That  is  the  problem. 

Mr.  Albritton.  I  will  underscore  that.  We  simply  don't  have  the 
ability  to  explain  the  temperature  changes,  the  nature  of  the  tem- 
perature changes,  particularly  on  decadal  scales  that  we  have  been 
observing  the  last  60  to  80  years.  We  can't  explain  the  warm  eight- 
ies in  quantitative  terms.  If  we  had  that,  that  means  we  could 
imply  what  the  next  decade  is  going  to  be  in  terms  of  temperature, 
which  would  obviously  have  large  investment,  grain  future  pros- 
pects. No  climatologists  are  rushing  into  that  investment  field. 

Mr.  Nielson.  Yet  Dr.  James  Hansen  said  our  drought  last  year 
was  probably  caused  by  various  things  which  cause  the  global 
warming  and  so  on.  My  question  is  did  he  actually  make  that  state- 
ment, No.  1,  and  No.  2,  if  he  did  make  the  statement,  did  he  pre- 
dict it  beforehand  or  did  he  simply  use  this  and  say  that  is  the  phe- 
nomenon which  proves  it?  What  is  the  actual  fact? 

Mr.  Michaels.  No,  he  did  not  make  the  statement. 

Mr.  Nielson.  I  know  he  didn't,  but  I  have  heard  that  statement 
made  by  many  people,  and  articles  and  so  on  say  Dr.  Hansen  is  the 
authority  and  says  this  was  the  result,  we  are  going  to  get  a  cli- 
mate change  as  obvious  proof  that  this  is  happening.  No.  1,  tell  me 
what  he  did  say?  No.  2,  was  it  after  the  drought  that  we  observed 
or  was  it  predicted  in  advance  of  the  drought? 

Mr.  Michaels.  I  don't  have  his  testimony  in  front  of  me.  Do  you 
have  a  copy  of  his  testimony? 

Mr.  White.  No,  I  don't. 

Mr.  Michaels.  I  will  try  and  remember  it  as  best  I  can.  He  said 
that  there  is  a  high  degree  of  cause  and  effect  between  recent  tem- 
peratures and  anthropogenic  activity  in  the  atmosphere.  Then  he 
took  some  of  the  temperatures  in  the  1980's  and  compared  them  to 
a  mean  from  1951  through  1980  and  found,  in  fact,  that  some  of 
these  temperatures  were  three  standard  deviations  away  from  the 
mean. 

Mr.  Nielson.  So  he  is  99  percent  sure  that 

Mr.  Michaels.  Yes,  but  you  as  a  statistician  know  that  in  fact 
such  a  number  does  not  imply  causation.  That  is  where  I  think  the 
misinterpretation  occurred  in  the  popular  perception  of  his  testi- 
mony. I  have  to  ask  myself,  frankly,  if  in  fact,  given  that  testimony 
had  been  reviewed,  I  am  sure,  that  I  wonder  if  people  knew  that 
was  going  to  happen  that  that  misinterpretation  would  have  been 
made.  I  don't  know  the  answer. 

Mr.  Nielson.  Would  anyone  else  like  to  comment  on  that? 

I  understand  what  he  means  by  99  percent  sure,  three  deviations 
away,  I  understand  that,  but  do  you  agree  with  that  statement? 

Mr.  Michaels.  It  was  three  standard  deviations  away  from  the 
mean,  but  to  say  it  was  caused  by  anthropogenerated  carbon  diox- 
ide, you  can't.  As  a  statistician  you  know  that. 

Mr.  Nielson.  I  want  it  for  the  record. 

Mr.  White.  Mr.  Hansen  isn't  here  and  not  able  to  defend  him- 
self. 

Mr.  Nielson.  And  neither  is  Dr.  Schneider.  I  wish  they  were. 
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Mr.  White.  But  there  is  a  statement  by  Mr.  Hansen  in  the  New 
York  Times  on  Monday,  January  2,  1989  which  clearly  expounds 
his  view,  and  I  think  it  would  be  useful,  therefore,  if  that  state- 
ment could  be  made  available. 

Mr.  Sharp.  Without  objection,  we  will  make  it  a  part  of  our 
record. 

[The  article  referred  to  follows:] 

[From  the  New  York  Times,  January  2,  1989] 

Hot  Summers  in  1990's 

(By  James  E.  Hansen,  Head,  National  Aeronautics  and  Space  Administration's  Goddard  Institute  for  Space 

Studies) 

To  the  Editor:  The  summary  of  my  view  of  the  relationship  between  the  green- 
house effect  and  the  1988  heat  wave  and  drought  ("Scientists  Link  1988  Drought  to 
Natural  Cycle  in  Tropical  Pacific,"  Science  Times,  January  3)  is  misleading.  It  states 
that  I  agree  with  Kevin  Trenberth's  analysis  relating  the  drought  to  equatorial  Pa- 
cific temperatures,  and  implies  that  I  believe  the  greenhouse  effect  is  not  yet  a 
factor  in  heat  waves  and  droughts. 

Every  drought  can  be  related  to  such  climatic  circumstances  as  the  position  of  the 
jet  stream,  soil  moisture,  snow  cover  and  ocean  temperature  patterns.  That  will  be 
true  even  if  the  greenhouse  effect  greatly  increases  the  frequency  and  severity  of 
drought.  Dr.  Trenberth's  analysis,  relating  equatorial  temperatures,  atmospheric 
waves  and  the  position  of  the  jet  stream,  is  excellent  and  may  have  captured  key 
factors  influencing  the  1988  drought  pattern. 

Other  climatologists  will  place  greater  importance  on,  for  instance,  ocean  temper- 
ature in  the  North  Pacific  and  antecedent  soil  moisture  conditions.  The  ultimate 
test  of  theories  about  seasonal  climate  fluctuations  will  come  when  they  are  applied 
to  seasonal  predictions  before  the  fact,  not  6  months  after. 

As  I  testified  to  the  Senate  during  the  1988  heat  wave,  the  greenhouse  effect 
cannot  be  blamed  for  a  specific  drought,  but  it  alters  the  probabilities.  Our  climate 
model,  tested  by  simulations  of  climate  on  other  planets  and  past  climates  on  Earth, 
indicates  that  the  greenhouse  effect  is  now  becoming  large  enough  to  compete  with 
natural  climate  variability. 

The  model  gives  us  a  hot  summer  in  the  United  States  in  the  1990's  about  60  per- 
cent of  the  time,  compared  with  33  percent  for  1950-79.  By  1989  this  probability  has 
reached  50  percent  in  the  model.  Droughts  in  the  United  States  increase  similarly 
in  the  model.  These  are  hard  predictions,  which  will  be  tested  in  the  next  decade. 

We  know  from  paleoclimate  variations  on  Earth  that  greenhouse  gas  changes 
have  been  a  principal  mechanism  for  large  global  temperature  changes.  Manmade 
greenhouse  gases  added  to  the  atmosphere  in  this  century  are  beginning  to  rival  in 
amount  the  greenhouse  gas  additions  associated  with  past  climate  changes  from  gla- 
cial to  interglacial  conditions.  The  observed  global  warming  of  1°F  in  the  last  centu- 
ry is  consistent  with  the  expected  warming  from  the  growth  of  greenhouse  gases  in 
that  time.  I  believe  this  empirical  evidence,  with  the  theoretical  model  studies,  is 
ample  justification  for  my  testimony  that  the  greenhouse  effect  is  changing  our  cli- 
mate now. 

There  are  many  uncertainties  in  predictions  of  future  greenhouse  climate  effects, 
but  these  do  not  alter  the  conclusion  that  large  climate  changes  will  occur  in  the 
next  decades  if  we  continue  rapidly  to  emit  greenhouse  gases.  I  believe  we  should 
take  steps  now  to  reduce  the  greenhouse  effect  that  would  make  good  policy 
anyhow.  Examples:  phase  out  chlorofluorocarbons  (which  destroy  ozone  and  cause 
20  percent  to  25  percent  of  the  greenhouse  effect),  improve  energy  efficiency  (reduc- 
ing dependency  on  foreign  sources  of  energy  and  improving  our  balance  of  pay- 
ments) and  discourage  deforestation  (preserving  the  habitat  for  invaluable  biological 
species). 

Mr.  Nielson.  Dr.  Albritton,  did  you  want  to  comment  on  that? 

Mr.  Albritton.  No,  I  have  nothing  more  to  add  on  that. 

Mr.  Nielson.  Do  you  have  any  explanation  for  the  fact  that  the 
temperatures  went  up  and  then  down  and  then  back  up  again? 

Mr.  Albritton.  Our  understanding  of  short-term  fluctuations  is 
simply  not  that  good. 
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Mr.  Nielson.  What  do  you  mean  by  short  term?  Fifty  years  and 
26  years? 

Mr.  Albritton.  Decadal  changes  of  mean  temperatures. 

Mr.  Nielson.  You  call  those  short  term? 

Mr.  Albritton.  Those  are  short  term  in  terms  of  trying  to  pre- 
dict. 

Mr.  Nielson.  It  depends,  I  guess,  on  what  school  you  went  to. 

Mr.  White.  One  last  comment.  Climate  fluctuations  are  known 
and  documented  to  have  occurred  on  all  time  and  almost  all  space 
scales.  In  the  historical  record,  man's  record,  we  have  had  events 
such  as  the  Little  Ice  Age,  where  you  had  very  extreme  cooling,  at 
least  certainly  in  Europe  and  other  parts  of  the  globe,  for  a  period 
of  a  century  or  so. 

The  internal  dynamics  of  the  atmosphere  are  sufficient  to  cause 
changes  in  the  climate  without  calling  on  a  variety  of  external  ef- 
fects. We  know  that  happens.  It  has  happened  in  the  past  and  will 
continue  to  happen  in  the  future.  The  tough  problem  is  to  extract  a 
signal  which  is  due  to  man's  activities,  namely,  the  increase  in 
carbon  dioxide  and  other  infrared-absorbing  gases,  from  the  natu- 
ral fluctuations  in  climate. 

Mr.  Nielson.  And  yet  the  press  will  talk  about  El  Nino  and  they 
will  talk  about  destroying  the  ozone  layer  in  the  Antarctic  and  the 
Arctic  and  so  on  and  come  to  rather  strong  conclusions  and  alarm 
a  lot  of  people.  What  is  the  answer  to  that? 

Mr.  White.  I  think  the  only  answer  to  that  is  to  be  very  precise 
when  one  talks  with  the  press  about  what  it  is  you  have  found  and 
what  the 

Mr.  Nielson.  That  is  not  a  guarantee,  though. 

Mr.  White.  One  cannot  control  what  the  press  writes,  nor  should 
one  even  seek  to  control  what  the  press  writes.  One  would  hope 
that  by  being  accurate  and  precise  in  the  interaction  with  the 
press,  you  would  get  the  correct  story  across. 

Mr.  Nielson.  Thank  you,  Mr.  Chairman. 

Mr.  Sharp.  I  thank  the  gentleman. 

Gentlemen,  we  will  conclude  in  just  a  moment.  I  just  had  a 
couple  more  questions  if  you  could  help  enlighten  me. 

The  question  of  the  urban  islands  of  heat,  I  guess  I  don't  under- 
stand the  relevance  or  irrelevance  of  that.  You  keep  pointing 
toward  extrapolating  that  from  the  data. 

Mr.  Michaels.  That  is  exceedingly  important.  I  will  give  you  an 
example  of  the  urban  heat  island.  It  is  well  known  that  Washing- 
ton's mean  temperature  at  National  Airport  is  directly  proportion- 
al to  the  number  of  Federal  employees.  I  don't  mean  to  be  a  little 
flip  with  you,  but  it  is  because,  in  fact,  the  economic  activity  has 
created  a  city.  A  city  has  the  effect  of  disrupting  the  normal  air- 
flow, and  that  results  in  temperatures  in  fact  going  up. 

Now,  it  was  thought  that  this  effect  was  essentially  something 
confined  to  communities  over  100,000.  Tom  Karl  has  now  shown 
that  in  fact  it  exists  in  communities  down  to  2,500.  When  we  take 
Karl's  record  over  the  United  States  and  take  out  all  the  urban 
warming  and  compare  it  to  the  Hansen  record,  the  Hansen  record 
warms  up  0.4°C  compared  to  the  unurbanized  record.  The  Jones 
and  Wigley  record,  which  is  the  East  Anglia  record,  which  shows  a 
global  warming  of  0.4°C,  warms  up  fifteen  one-hundredths  of  1°C 
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because  of  the  urban  effect.  It  doesn't  have  probably  as  much  con- 
tamination in  it. 

The  question  is  does  that  effect  exist  worldwide?  There  is  no  ar- 
gument that  I  can  come  up  with,  frankly,  that  says  that  it  doesn't. 
If  it  does  exist  worldwide,  that  means  that  the  absorbed  warming 
in  the  20th  century  has  been  something  around  0.3°C.  That  is  far 
less  than  what  we  would  expect  even  with  liberal  arguments  of  oce- 
anic thermal  lag  given  a  change  in  trace  gases,  which  is  effectively 
151  percent  increase  in  carbon  dioxide.  Effectively.  It  is  not  really. 
Again,  you  are  making  the  other  gases  act  like  carbon  dioxide 
there. 

But  therein  lies  the  problem.  I  don't  mean  to  appear  as  the 
Darth  Vader  of  the  environment  by  pointing  that  out.  It  is  some- 
thing that  is  very  galling  and  very  difficult. 

Mr.  Sharp.  Is  what  you  are  saying  that  much  of  the  warming 
may  be  attributed  to  the  urban  islands  as  opposed  to  the  trace 
gases?  I  am  trying  to  get  what  the  bottom  line  is  as  to  why  we 
would  want  to  do  that.  Then  does  that  take  you  to  the  next  step  of 
what  is  relevant  about  that.  Do  we  wish  to  or  would  we  be  wise  to 
do  something  about  the  urban  heat  islands? 

Mr.  Michaels.  Oh,  no.  No,  no.  I  think  urban  heat  islands,  in  fact, 
save  on  heating  costs  considerably.  Air-conditioning  in  Washington 
is  mandatory  anyway  in  summer,  so  I  don't  think  that  is 

Mr.  Sharp.  A  perspective  given  to  me  by  the  forest  industry,  so  I 
take  it  for  what  it  is  worth,  is  that  we  need  to  do  a  lot  more  effort 
to  get  trees  in  the  urban  area  to  reduce  that  effect. 

Mr.  Michaels.  You  would  be  hard  put  to  find  anybody  in  this 
room  against  planting  trees  in  cities. 

Mr.  Sharp.  I  mean  for  reasons  of  trying  to  affect  the  tempera- 
ture and  its  relevance.  It  does  have  an  effect? 

Mr.  Michaels.  That  is  a  demonstrated  effect.  The  problem  is 
keeping  the  trees  alive.  Los  Angeles  planted  1  million  trees 

Mr.  Sharp.  And/or  the  people. 

Mr.  Michaels  [continuing].  For  the  Olympics  and  most  of  them 
weren't  tended. 

Mr.  Sharp.  Let  me  ask  you  on  the  gases  themselves  just  to  help 
get  a  better  perspective.  A  lot  of  discussion  has  been  on  CO2,  some 
on  chlorofluorocarbons,  some  on  methane.  If  we  are  at  the  phase  of 
where  we  are  trying  to  determine  what  are  prudent  steps — as  I  un- 
derstand Dr.  White,  one  of  the  more  explicit  and  concrete  recom- 
mendations is  do  more  about  chlorofluorocarbons.  They  clearly  per 
molecule,  as  I  understand  it,  are  dramatically  more  heat  trapping 
than  is  carbon  dioxide,  but  if  I  understand  it  correctly,  they  are  a 
much  smaller  percent  of  what  is  up  there. 

I  guess  in  a  sense  I  am  asking  you  can  we  at  this  point — is  there 
an  area  where  we  ought  to  emphasize  more  than  another  under  a 
prudent  step  kind  of  philosophy  of  action?  Given  the  fact  that  this 
has  an  effect  on  ozone  thinning,  is  that  where  you  put  your  money 
at  this  point?  Dr.  Albritton? 

Mr.  Albritton.  That  is  a  good  question.  The  Montreal  protocol 
calls  for  a  50  percent  reduction  by  the  year  2000,  and  I  and  my  col- 
league Bob  Watson  were  the  two  scientific  advisers  to  the  U.S.  del- 
egation to  the  protocol,  so  I  watched  that  spin  through  the  whole 
process. 
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The  science  that  we  described  to  the  U.S.  delegation  at  that  time, 
and  which  was  accepted  by  the  international  community  and  hence 
was  the  scientific  pedestal  on  which  the  Montreal  protocol  was 
based,  has  changed  considerably  in  the  last  2  or  3  years.  I  have 
been  fortunate  to  be  a  part  of  that  through  the  research  side,  the 
Antarctic  ozone  hole,  the  recent  Arctic  ozone  campaigns. 

What  science  can  tell  the  protocol  signers  when  they  reconvene 
in  1990  to  evaluate  whether  they  have  done  the  right  thing,  enough 
or  need  to  do  more  or  faster,  we  can  tell  them  in  terms  of  the  sci- 
ence input  to  that  that  three  rather  remarkable  things  have  hap- 
pened since  they  drafted  the  Montreal  protocol. 

No.  1,  the  cause  of  the  Antarctic  ozone  hole,  the  total  weight  of 
evidence  suggests  that  it  is  CFC's,  their  effect  being  amplified  in 
that  region  by  the  unusual  cold  temperatures  and  physical  charac- 
teristics of  Antarctica. 

No.  2,  is  that  a  study  of  the  global  trends  taken  from  ground  base 
measurements  over  the  Northern  Hemisphere  have  revealed  a 
downward  trend  in  ozone  in  the  Northern  Hemisphere  that  can't 
be  explained  by  any  natural  variations  and  has  similarities  predict- 
ed by  the  CFC  ozone  destruction  mechanism. 

Then  No.  3,  the  recent  measurements  in  the  Arctic,  as  my  col- 
leagues Adrian  Tuck  and  Bob  Wasserman  reported  just  recently  in 
the  last  few  days  here  in  this  city,  that  campaign  found  that  the 
same  ice  particle  CFC  processes  that  were  discovered  in  the  Ant- 
arctic also  happen  in  the  Arctic. 

So  the  bottom  line  in  terms  of  scientific  consideration  that  the 
policymakers  should  take  regarding  the  Montreal  protocol  and  ulti- 
mately whether  more  or  less  CFC  controls  are  needed  is  that  every 
facet,  all  three  facets  of  discoveries  since  the  50  percent  was  agreed 
to  be  justified  go  in  the  direction  of  additional  ozone  loss  due  to 
CFC's.  That  point,  then,  is  the  scientific  input  that  they  will  have 
to  weigh  against  availability  of  substitutes,  pacing  and  so  on  that 
we  cannot  comment  on. 

But  the  science  has  been  remarkable  in  the  last  3  years  in  that 
area,  and  the  picture  that  it  paints  is  fairly  clear. 

Mr.  Michaels.  Chairman  Sharp,  can  I  show  you  something  re- 
markable in  response  to  that  to  show  you  how  complicated  these 
problems  are?  When  I  gave  my  presentation  I  skipped  over  a  slide 
because  I  didn't  want  to  take  too  much  time,  but  in  response  to  Dr. 
Albritton's  commentary  I  would  like  to  show  it  to  you  if  that  is  all 
right. 

Mr.  Sharp.  Surely. 

Dr.  White,  did  you  have  a  comment  while  he  is  getting  his  slide? 
I  thought  you  were  about  to  speak. 

Mr.  White.  You  wanted  to  know  what  might  be  done  in  the  way 
of  more  specific  and  concrete  actions.  There  is  certainly  a  whole 
range  of  actions  to  be  taken.  I  will  just  cite  one.  If  indeed  it  is  de- 
sirable to  shift  from  coal  to  natural  gas  because  it  provides  less 
CO2,  then  you  ought  to  take  a  look  at  what  restrictions  we  present- 
ly have  in  this  country  and  other  countries  on  the  use  of  natural 
gas  which  might  preclude  people  from  moving  in  that  direction.  So 
I  would  take  a  look  at  a  variety  of  obstacles,  and  regulations  that 
preclude  doing  what  we  want  to  do  and  ask  ourselves  a  question  as 
to  whether  those  ought  not  to  be  changed. 
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Mr.  Sharp.  Thank  you,  Dr.  White. 

Since  we  removed  all  of  the  Fuel  Use  Act  restrictions  last  year, 
and  we  are  looking  at  the  final  price  regulations,  which  frankly 
don't  have  much  impact  in  the  marketplace,  but  they  do  make  a 
difference  perhaps  in  what  gets  produced  and  how  available  it  is, 
and  we're  trying  to  take  that  very  seriously  at  this  point. 

Yes,  Dr.  Michaels? 

Mr.  Michaels.  I  think  I've  made  it  worse  when  I  tilted  the 
screen. 

This  shows  the  complexity  of  the  issue  and  points  up  something 
that,  in  fact,  feeds  into  the  entire  climate  change  problem.  What 
this  chart  is,  it's  from  a  paper  by  Scotto,  and  others.  It's  trends  in 
ultraviolet  B  radiation;  that's  the  kind  that  causes  skin  cancer — 
across  the  United  States  as  measured  by  instruments  that  were,  in 
fact,  specifically  designed  to  do  this  and  deployed  in  response  to  the 
debate  over  the  supersonic  transport  in  1971.  And  most  people  will 
tell  you — I'm  sorry  the  way  the  screen  and  slide  tilt — will  tell  you, 
in  fact,  there  is  a  very  significant  trend  down. 

Mr.  Nielson.  I  apologize  for  even  mentioning  that. 

Mr.  Michaels.  Now  this  is  bizarre,  because  we 

Mr.  Sharp.  I'm  sorry.  I  didn't  catch  what  you  just  said. 

Mr.  Michaels.  There  is  a  significant  trend  down  in  ultraviolet  B 
radiation  across  the  United  States.  This  is  in  the  face  of  an  ozone 
decline  in  the  stratosphere. 

The  people  who  wrote  this  paper  concluded  that  something — that 
there  was  an  unknown  or  that  the  amount  of  attenuation  of  incom- 
ing radiation  was  greater  than  previously  suspected.  So  when 
people  talk  about  increases  in  cloudiness  or  increases  in  atmospher- 
ic turbidity  complication  what  I  would  call  the  simple  model  of  cli- 
mate change,  this,  in  fact,  may  be  some  evidence  for  that. 

So  we  get  an  ozone  decline,  and  still  the  amount  of  radiation 
reaching  the  surface  that  will  cause  skin  cancer  declines.  Isn't  that 
strange? 

Mr.  Sharp.  And  what  are  the  mitigating  factors  that  you  specu- 
late on? 

Mr.  Michaels.  The  speculation  is  that  there  are  a  number  of  re- 
ports that  appeared  in  the  scientific  literature,  in  particular  Dr. 
Schneider's  journal,  pointing  to  possible  increases  in  cloudiness. 
And  I  think  if  you  look  at  the  testimony  that  Tom  Karl  submitted 
to  you  as  background  for  this  committee  meeting,  he,  in  fact,  be- 
lieves that  that  is  also  occurring. 

Mr.  Sharp.  All  right.  Well,  gentlemen,  I  want  to  thank  you  for 
your  time  and  attention  to  us  this  morning.  I  know  you  are  deeply 
involved  in  these  issues,  and  we  appreciate  that  very  important  sci- 
entific work  going  on  and  helping  us  struggle  with  how  to  sort 
through  it  and  decide  what  we  ought  to  do  as  a  country. 

Thank  you  very  much. 

[Whereupon,  at  12:39  p.m.,  the  hearing  was  adjourned,  to  recon- 
vene at  the  call  of  the  Chair.] 
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THURSDAY,  MAY  4,  1989 

House  of  Representatives, 
Committee  on  Energy  and  Commerce, 
Subcommittee  on  Energy  and  Power, 

Washington,  DC. 

The  subcommittee  met,  pursuant  to  notice,  at  10:36  a.m.,  in  room 
2218,  Rayburn  House  Office  Building,  Hon.  Philip  R.  Sharp  (chair- 
man) presiding. 

Mr.  Sharp.  The  subcommittee  will  please  come  to  order. 

Today  we  continue  our  investigation  of  what  we  should  do  about 
global  warming.  Every  action  that  our  subcommittee  takes  or  fails 
to  take  has  significant  implications  for  the  global  warming  problem 
and  the  global  warming  debate  will  significantly  affect  our  delib- 
erations on  energy  matters. 

At  our  last  hearing  we  learned  that  the  environmental,  institu- 
tional, political,  and  economic  implications  of  global  warming  are 
potentially  profound  and  today  we  will  learn  something  about  po- 
tential solutions. 

The  Environmental  Protection  Agency  [EPA]  will  tell  us  about 
their  long  awaited  draft  report  to  Congress  called  Policy  Options 
for  Stabilizing  Global  Climate.  It  contains  a  wealth  of  information 
on  the  technical  possibilities  for  achieving  global  environmental 
goals.  We  still  need  to  know  much  more  about  what  is  economical- 
ly and  institutionally  achievable. 

I  am  looking  forward  to  hearing  what  work  EPA  has  underway 
to  answer  these  important  questions,  what  steps  we  might  take  and 
what  they  would  mean.  This  is  what  I  hope  we'll  learn  more  about 
this  morning  and  we  are  very  pleased  to  have  with  us  Ms.  Fisher, 
who  is  the  Assistant  Administrator  for  Policy,  Planning  and  Eval- 
uation with  the  Environmental  Protection  Agency. 

Ms.  Linda  Fisher. 

STATEMENT  OF  LINDA  J.  FISHER,  ASSISTANT  ADMINISTRATOR, 
ENVIRONMENTAL  PROTECTION  AGENCY,  ACCOMPANIED  BY 
RICHARD  MORGENSTERN,  DIRECTOR,  OFFICE  OF  POLICY 
ANALYSIS,  AND  DENNIS  TIRPAK,  DIRECTOR,  STRATEGIC  STUD- 
IES, OFFICE  OF  POLICY  ANALYSIS 

Ms.  Fisher.  Thank  you,  Mr.  Chairman. 

I  appreciate  the  opportunity  to  be  here  today  to  talk  to  you  about 
our  recent  study  on  policy  options  to  stabilize  emissions  of  green- 
house gases. 

I  am  accompanied  today  by  Dr.  Richard  Morgenstern,  the  Direc- 
tor of  the  Office  of  Policy  Analysis  at  EPA  and  also  by  Dr.  Dennis 
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Tirpak,  who  will  be  helping  out  with  the  charts  and  contributed 
tremendously  to  this  report. 

As  you  might  remember,  in  1986  the  Congress  asked  the  then 
Administrator  of  EPA,  Lee  Thomas,  to  undertake  a  study  of  policy 
options  that  could  be  used  to  limit  emissions  of  greenhouse  gases. 
The  draft  of  that  study  was  available  earlier  this  year  and  I  want 
to  lay  out  its  contents  for  you  today. 

First,  when  the  Agency  began  the  report  we  established  certain 
goals.  The  first  was  to  define  the  nature  of  the  problem  and  the 
causes.  To  do  this  EPA  researched  current  trends  in  concentration 
of  greenhouse  gases  and  developed  a  global  inventory  of  emissions 
sources.  We  then  projected  what  might  happen  to  these  emissions 
given  certain  alternative  economic  assumptions. 

Our  charge  was  then  to  identify  various  policy  options  that  could 
limit  emissions  of  greenhouse  gases  and  try  to  assess  what  differ- 
ence they  might  make  in  terms  of  limiting  ultimate  warming. 

Well,  I  believe  that  we  responded  fully  to  the  congressional  re- 
quest. I  think  it  is  important  for  the  Members  of  Congress  to  un- 
derstand the  limitations  of  the  type  of  study  that  we  have  before 
you  today. 

First,  given  the  nature  of  the  problem  and  the  timeframe,  that  is 
that  we  are  looking  at  something  that  might  occur  over  the  next 
century,  the  assessments  of  economic  growth  and  our  assessments 
of  technology  development  are  going  to  be  extremely  uncertain. 

Additionally,  although  we  identified  policy  options  we  still  have 
yet  to  do  considerable  analysis  of  the  cost  of  implementing  these 
options  as  well  as  analyzing  what  kind  of  implementation  barriers 
we  might  have. 

Finally,  our  simulations  of  both  the  global  economic  and  climate 
systems,  although  state  of  the  art,  is  very  highly  simplified  and  the 
members  should  keep  that  in  mind  as  they  review  the  information. 

Before  I  get  into  the  details  of  the  report,  let  me  take  a  few  min- 
utes to  explain  and  define  more  clearly  the  problem  and  the  contri- 
bution to  the  problem. 

The  first  chart  shows  the  greenhouse  gases  and  their  overall  con- 
tribution to  the  warming  problem.  The  most  important  greenhouse 
gas,  as  you  probably  know,  is  carbon  dioxide,  which  contributes  ap- 
proximately 50  percent  of  global  warming. 

Sources  of  carbon  dioxide  in  the  atmosphere  come  largely  from 
fossil  fuel  combustion,  which  comprises  about  75  to  85  percent  of 
CO2  emissions,  as  well  as  deforestation. 

Other  gases  include  methane,  which  accounts  for  approximately 
18  percent  of  the  problem;  chlorofluorocarbons  [CFC's],  which  as 
you  know  are  the  subject  of  the  Montreal  protocol  which  make  up 
between  14  and  18  percent  of  the  problem;  and  nitrous  oxide,  which 
comprised  about  6  percent  of  the  problem. 

The  next  chart  takes  a  step  away  from  the  actual  gases  and  looks 
at  what  kind  of  activities  in  the  economy  contribute  to  global 
warming.  Energy  use,  as  you  can  see,  is  the  principal  source  of 
greenhouse  gases,  energy  use,  and  production,  that  is,  and  it  com- 
prises 57  percent  of  the  problem. 

CFC's  again,  the  manmade  chemical,  comprises  17  percent  of  the 
problem. 
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Various  agricultural  practices  make  up  14  percent  of  the  prob- 
lem. 

Land  use  modifications  such  as  deforestation  contribute  9  per- 
cent to  the  problem. 

The  charts  indicate  I  think  most  importantly  that  as  we  begin  to 
analyze  policy  options  we  really  have  to  look  across  all  different 
economic  sectors  and  evaluate  what  policy  options  might  be  most 
effective  in  those  sectors. 

The  next  chart  focuses  principally  on  CO2  emissions  that  come 
from  fossil  fuel  combustions  and  it  looks  at  it  in  terms  of  a  global 
perspective  and  as  you  can  see,  it  is  a  trend  line. 

Although  North  America  is  a  significant  contributor  of  CO2  from 
fossil  fuel  burning,  it  is  important  to  note  that  our  trend  as  well  as 
that  of  Western  Europe  are  actually  on  a  decline.  That  is  largely  a 
result  of  the  energy  efficiencies  that  we  gained  over  the  past  15 
years  as  a  result  of  the  fuel  crisis. 

Equally  important  on  that  chart  to  me  is  the  fact  that  China,  the 
People's  Republic  of  China,  and  Eastern  Europe,  driven  largely  by 
the  Soviet  Union,  are  on  increasing  trends  in  terms  of  CO2  emis- 
sions from  fossil  fuel  use.  Both  of  those  countries  have  very  aggres- 
sive economic  development  plans  under  way.  Both  of  them  are 
fuelled  largely  by  coal,  so  as  their  economies  increase  we  can  an- 
ticipate that  their  contribution  to  CO2  will  also  increase. 

Now  let  me  turn  to  the  findings  of  the  report. 

I'll  run  through  the  four  major  findings  quickly  and  then  I'll 
want  to  talk  about  each  one  of  them  individually. 

The  first  finding  was  that  although  there  are  large  uncertainties, 
we  know  that  if  we  continue  business  as  usual,  a  rapid  climatic 
change  over  the  next  century  is  possible. 

The  second  finding  was  that  there  are  policies  and  technological 
choices  that  we  can  make  that  will  make  a  difference  in  terms  of 
slowing  the  rate  of  warming  worldwide. 

The  third  finding  was  that  if  any  action  is  going  to  be  effective  it 
cannot  be  unilateral.  We  must  act  on  a  global  basis  and  we  must 
engage  both  the  developing  countries  as  well  as  the  developed 
countries. 

Last,  just  as  there  are  many  countries  and  activities  that  are 
contributing  to  the  problem,  there  is  a  wide  range  of  policy  options 
and  technologies  available  to  us  to  implement — to  control  the  prob- 
lem. 

Looking  at  it  another  way,  there  is  no  quick  fix  or  silver  bullet 
that  is  going  to  answer  the  global  warming  problem. 

Now  let  me  go  through  each  of  these  findings  in  a  little  bit  more 
detail. 

As  I  said,  although  the  uncertainties  are  large,  rapid  climate 
change  over  the  next  century  is  possible. 

The  graph  shows  the  amount  of  warming  projected  for  the  next 
century,  somewhere  between  2.5°C  and  5.5°C  between  now  and  the 
year  2100. 

The  uncertainty  is  represented  by  the  shaded  area  on  the  graph 
and  it  is  due  to  different  alternative  economic  assumptions  that  we 
use  to  make  our  projections. 

The  lower  end  of  the  range  assumes  a  slower  economic  growth 
and  incorporates  assumptions  that  tend  to  minimize  the  impact  of 
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greenhouse  gas  concentrations  on  climate.  The  upper  end  does  the 
converse. 

The  next  chart  indicates  that  policies  and  technologies  can  make 
a  difference.  Although  our  study,  as  I  said,  did  not  consider  costs  or 
implementation  problems,  it  did  identify  a  number  of  policy  options 
that  if  implemented  on  a  global  scale  can  reduce  the  rate  of  warm- 
ing. 

Different  policy  options  if  combined  together  could  limit  global 
warming  to  roughly  1  to  2  percent  by  the  year  2100  and  if  you  look 
at  the  chart,  the  top  half,  the  purple  half,  was  the  projected  warm- 
ing that  we  showed  on  the  previous  chart.  The  lower  red  portion 
indicates  where  the  warming  would  be  if  you  implemented  a  varie- 
ty of  policy  options. 

The  third  finding,  as  I  said,  was  that  no  single  country  dominates 
the  emissions  of  greenhouse  gases.  All  countries  contribute  to  the 
problem  and  virtually  all  countries  must  participate  if  we  are  to 
effectively  deal  with  it. 

Although  the  United  States,  as  you  can  see  from  the  chart,  is  the 
single  largest  contributor  and  contributes  approximately  21  percent 
to  the  problem,  there  are  other  significant  players  in  this  action. 

The  European  Community  plus  Japan  make  up  an  additional 
one-fifth  of  the  problem  and  the  Soviet  Union  and  the  Eastern  bloc 
countries  make  up  an  additional  20  percent  of  the  problem.  Again, 
what  is  not  reflected  there  is  the  fact  that  developing  countries 
such  as  China  can  dramatically  distort  actions  taken  perhaps  by 
the  United  States  or  the  rest  of  the  developed  world  as  they  grow. 

The  fourth  finding,  and  I  think  the  chart  that  got  the  most  atten- 
tion in  our  report,  indicates  that  there  are  a  wide  variety  of  poli- 
cies and  technologies  that  are  available  to  us  as  we  make  an  at- 
tempt to  address  this  problem. 

I  will  touch  on  a  couple  of  them  here  and  perhaps  address  the 
others  in  questions. 

The  first  one  we  looked  at  in  terms  of  policy  options  was  a  full 
phaseout  of  CFC's.  As  I  said  earlier,  the  CFC  reduction  is  the  sub- 
ject of  the  Montreal  protocol.  This  anticipates  a  complete  phaseout 
of  CFC's  by  around  the  year  2000. 

Another  policy  option  that  people  talk  about  frequently  is  refor- 
estation. Our  study  analyzed  the  effect  that  would  result  from  a 
dramatically  increased  reforestation  effort  and  a  complete  halt  of 
deforestation  by  the  year  2025.  We  also  looked  at  improved  trans- 
portation efficiencies,  looking  not  only  at  the  automobile  but  also 
at  truck,  air,  and  rail  efficiencies  as  well. 

In  terms  of  other  energy  efficiency  we  analyzed  the  impact  that 
we  might  appreciate  from  increased  energy  improvements  in  the 
residential  sector,  commercial  sectors,  and  industrial  sectors  of  the 
economy. 

It  is  important  for  the  committee  to  realize  that  although  a  sig- 
nificant step,  this  study  is  only  a  first  step  in  terms  of  policy  work 
that  needs  to  be  done.  In  the  short  term  we  are  in  the  process  of 
getting  feedback  from  our  own  Agency  Science  Advisory  Board  on 
the  contents  of  the  report.  Additionally  we  have  put  it  in  inter- 
agency review  so  the  rest  of  the  Agencies  of  the  Federal  Govern- 
ment can  give  us  their  feedback  on  it. 
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In  the  meantime,  we  need  to  do  additional  work,  as  you  have 
pointed  out  to  the  Agency,  in  the  way  of  cost  analysis  on  the  differ- 
ent policy  options.  We  also  have  work  underway  to  look  at  imple- 
mentation problems  with  each  of  these  policy  options. 

We  are  also  going  to  continue  to  participate  in  the  Federal  Re- 
search Program.  Specifically  we  need  to  do  a  lot  more  work  on  the 
role  that  oceans  and  clouds  are  going  to  play  in  ultimate  climate 
change  as  well  as  biological  and  other  feedback  systems. 

We  are  going  to  continue  our  aggressive  work  in  the  Intergovern- 
mental Program  on  Climate  Change  [IPCC],  which  is  the  panel  that 
was  organized  under  the  United  Nations  Environment  Programme 
[UNEP]  to  coordinate  international  activities  on  global  climate 
change. 

Let  me  point  out  for  you  that  the  United  States  is  chairing  the 
most  important  of  those  work  groups,  which  is  the  international 
work  group  to  look  at  response  policy  options,  options  similar  to 
what  we  have  laid  out  here  in  our  report. 

Finally,  the  EPA  intends  to  use  the  work  of  this  report  as  well  as 
this  additional  analysis  that  we  currently  have  underway  to  con- 
tribute to  the  administration  effort  to  pull  together  a  policy  re- 
sponse to  climate. 

This  summarizes  pretty  much  the  major  findings  of  our  report 
and  I'd  be  glad  to  answer  any  questions  you  or  the  other  members 
of  the  committee  might  have. 

[Testimony  resumes  on  p.  143.] 

[The  prepared  statement  and  charts  of  Ms.  Fisher  follow:] 
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Mr.  Chairman  and  Members  of  the  Subcommittee,  I  am  very 
pleased  to  be  given  this  opportunity  to  discuss  with  you  the 
Environmental  Protection  Agency's  Global  Climate  Change  program 
and  its  draft  report  entitled,  "Policy  Options  for  Stabilizing 
Global  Climate." 

Policy  Options  for  Stabilizing  Global  Climate 

CONGRESSIONAL  REQUEST  FOR  REPORTS  ON  GLOBAL  CLIMATE  CHANGE 

In  1986,  the  Senate  Committee  on  Environment  and  Public 
Works  Subcommittee  on  Environmental  Protection  requested  that 
EPA  develop  two  reports  on  global  warming.  One  report  was  to 
focus  on  "Policy  options  that  if  implemented  would  stabilize 
current  levels  of  greenhouse  gas  concentrations."  The  second 
report  was  to  examine  "The  potential  health  and  environmental 
effects  of  climate  change  including,  but  not  be  limited  to  the 
potential  impacts  on  agricultural,  forests,  wetlands,  human 
health,  rivers,  lakes,  estuaries  as  well  as  societal  impacts." 
In  response  to  the  Congressional  Directive,  EPA  prepared 
a  draft  report  entitled,  Policy  Options  for  Stabilizing  Global 
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Climate  that  I  will  discuss  today.   This  report  investigates 
technological  and  policy  options  for  stabilizing  and  reducing 
greenhouse  gas  emissions. 

The  draft  EPA  Report  is  a  first  attempt  to  comprehensively 
analyze  alternative  policy  options  to  limit  greenhouse  gas 
emissions  on  a  global  basis.  This  study  has  been  conducted  over 
the  past  two  years  and  has  been  a  major  undertaking  for  us.  I 
am  quite  pleased  with  the  product.  At  the  same  time,  I  must 
caution  the  Committee  and  the  public  at  large,  that  this  is,  in 
fact,  a  draft  study.  The  Agency's  Science  Advisory  Board 
reviewed  the  draft  report  at  a  meeting  on  April  4-6,  and  we  are 
awaiting  their  final  comments.  The  report  is  also  currently 
undergoing  an  interagency  and  peer  review. 

THE  STABILIZATION  REPORT 

This  report  is  the  result  of  a  major  two-year  study  of  the 
policy  options  available  to  stabilize  current  levels  of 
atmospheric  greenhouse  gas  concentrations.  The  study  produced 
a  comprehensive  summary  of  estimated  greenhouse  gas  sources  and 
trends  in  concentrations.  The  major  sectors  contributing  to 
emissions  (energy,  industry,  agriculture,  and  forestry)  and  the 
major  greenhouse  gases  (C02,  CH4,  N20,  and  CFCs)  are  considered 
on  a  global  basis.  The  study  examines  various  domestic  and 
international  policy  options  that,  if  implemented,  could  slow 
the  buildup  of  greenhouse  gases  which  may  contribute  to  global 
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climate  change.  These  policy  options  include  the  phasing  out 
of  CFCs,  halting  deforestation  and  initiating  reforestation, 
increasing  use  of  natural  gas,  increasing  energy  efficiency  in 
transportation,  buildings,  and  industry,  and  developing  non- 
fossil  fuel  technology. 

The  primary  focus  of  this  report  is  to  identify  policy 
options  that  appear  promising.  The  report  has  not  made  a 
detailed  assessment  of  the  costs  and  other  economic  aspects  of 
these  options.  It  was  impractical  to  complete  such  an 
assessment  in  this  report.  However,  we  view  cost  and  other 
economic  considerations  to  be  of  major  importance.  In 
subsequent  studies,  we  plan  to  make  detailed  assessments  of 
economic  impact  and  implementation  costs  of  various  policy 
options. 

As  part  of  an  international  effort,  options  must  reconcile 
the  requirements  for  both  sustainable  economic  development  and 
a  safe  environment.  Therefore,  they  should  be  as  cost-effective 
as  possible.  The  report  also  suggests  future  research  activities 
that  would  improve  our  understanding  of  the  sources  of 
greenhouse  gases  and  areas  where  technological  improvements 
would  reduce  the  emission  of  these  gases. 

Sources  of  Greenhouse  Gases 

Many  diverse  sources  have  contributed  to  the  increase  in 
greenhouse  gas  concentrations,  including  the  burning  of  fossil 
fuels,  deforestation,  and,  over  the  past  40  years,  the  use  of 
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synthetically  produced  chloroflourocarbons  (CFCs) .  C02  is 
currently  the  most  significant  greenhouse  gas,  responsible  for 
about  half  of  our  current  increases  in  our  commitment  to 
estimated  future  warming,  but  many  other  gases  contribute  to 
global  warming — CFCs,  methane  (CHJ  ,  and  nitrous  oxide  (N20) . 

All  greenhouse  gases  have  multiple  sources.  The  primary 
anthropogenic  sources  of  C02  are  fossil  fuel  combustion  and 
deforestation.  Scientists  currently  estimate  that  approximately 
three-quarters  of  C02  emissions  from  anthropogenic  sources  come 
from  the  burning  of  fossil  fuels,  and  one-quarter  results  from 
deforestation — largely  in  tropical  countries.  Major  methane 
sources  are  rice  production,  enteric  fermentation  in  domestic 
animals,  biomass  burning,  fossil  fuel  production,  and  anaerobic 
decomposition  in  landfills.  Major  N20  sources  are  nitrogenous 
fertilizer  use,  land  clearing,  biomass  burning,  and  fossil  fuel 
combustion. 

Greenhouse  gases  are  emitted  in  both  the  developed  and  less 
developed  countries.  Western  Europe  and  North  America  account 
for  approximately  forty  percent  of  fossil  fuel  emissions,  but 
since  the  early  1970s,  their  emissions  have  remained  relatively 
stable.  In  fact,  the  United  States'  fraction  has  been 
decreasing.  The  Soviet  Union  and  eastern  Europe,  the  People's 
Republic  of  China,  Pacific  rim  countries,  and  developing 
countries  contribute  approximately  sixty  percent  of  fossil  fuel 
emissions.  And,  most  importantly,  their  share  is  rising.  With 
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regard  to  other  greenhouse  gases,  approximately  three-guarters 
of  the  CFCs  are  produced  in  North  America  and  Europe,  while 
major  anthropogenic  sources  of  methane  are  associated  with  rice 
production  in  Asia.  Thus,  all  countries  contribute  to 
greenhouse  gas  emissions  and  share  some  responsibility  for  their 
continuing  growth. 

Study  Design 

EPA  established  several  program  goals  in  developing  the 
"Stabilization  Report":  (1)  assemble  data  on  global  trends  in 
emissions  and  concentrations  of  greenhouse  gases;  (2)  develop 
an  integrated  analytical  framework  to  study  how  economic, 
policy,  and  scientific  assumptions  influence  warming  estimates; 
(3)  identify  promising  technologies  and  practices  that  have  the 
potential  to  limit  greenhouse  gas  emissions;  and  (4)  identify 
policy  options  that  could  slow  the  buildup  of  greenhouse  gases 
which  may  contribute  to  climate  change.  To  achieve  these  goals, 
EPA  conducted  an  extensive  literature  review  and  data  gathering 
process.  The  Agency  held  several  informal  panel  meetings  and 
enlisted  the  help  of  leading  experts  in  the  governmental,  non- 
governmental, and  academic  research  communities.  EPA  also 
conducted  five  workshops  to  gather  information  and  ideas 
regarding  factors  affecting  atmospheric  composition  and  options 
related  to  greenhouse  gas  emissions  from  agriculture  and  land- 
use  change,  electric  utilities,  end-uses  of  energy,  and 
developing  countries.   Experts  from  NASA,  the  Department  of 
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Energy  and  the  Department  of  Agriculture  were  consulted. 

Based  on  the  results  of  this  process,  EPA  developed  an 
integrated  analytical  framework  to  organize  the  data  and 
assumptions  required  to  estimate  (1)  emissions  of  radiatively 
and  chemically  active  gases;  (2)  concentrations  of  greenhouse 
gases;  and  (3)  changes  in  global  temperatures.  The  framework, 
though  highly  simplified,  permits  alternative  assumptions  to  be 
made  concerning  population  growth,  economic  growth, 
technological  change,  and  emissions  reduction  strategies. 

In  developing  our  report,  we  recognize  that  many  factors 
will  influence  future  greenhouse  gas  emissions,  including  rate 
of  population  growth,  economic  growth,  technological  change, 
fuel  mix,  and  energy,  industrial,  and  agricultural  policies. 
To  broadly  account  for  these  factors,  EPA  developed  four 
scenarios  of  possible  future  worlds  for  analysis.  Two  scenarios 
assume  that  no  policies  are  adopted  to  reduce  the  emission  of 
greenhouse  gases — one  assumes  that  future  economic  growth  and 
technological  change  are  rapid  (Rapidly  Changing  World  or  RCW) 
and  one  assumes  economic  growth  and  technological  change  are 
slow  (Slowly  Changing  World  or  SCW) .  Both  of  these  scenarios 
have  analogous  counterparts  which  assume  that  stabilizing 
policies  are  adopted  (RCWP  and  SCWP) . 

Limitations  and  Uncertainties 

This  analytical  framework  models  some  of  the  major 
processes  that  will  influence  the  rate  and  magnitude  of 
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greenhouse  gas  accumulation  during  the  next  century  within  a 
structure  that  is  suitable  for  policy  analysis.  There  are, 
however,  a  number  of  major  limitations  to  this  framework. 
First,  assumptions  are  made  in  the  framework  about  rates  of 
economic  growth  and  technological  change,  which  strongly 
influence  forecasts  of  future  greenhouse  gas  emissions.  But 
economic  growth  and  technological  change  are  difficult  to 
forecast.  Second,  detailed  economic  and  cost  analyses  were  not 
conducted.  We  did  not  attempt  to  calculate  the  macroeconomic 
impacts  of  policy  options  or  the  total  costs  associated  with 
various  strategies.  However,  promising  technologies  were 
qualitatively  screened  based  on  judgments  of  their  expected 
cost-effectiveness.  Third,  limitations  on  capital  investment 
were  not  explicitly  considered.  Fourth,  economic  feedbacks  are 
not  fully  represented.  Finally,  our  attempts  to  depict  the 
ocean,  changes  in  atmospheric  chemistry,  and  biogeochemical 
feedbacks  are  highly  simplified.  In  summary,  we  attempt  to 
present  our  results  with  all  of  the  uncertainties  about  the 
economic  system  and  physical  climate  system  fully  recognized. 


GENERAL  CONCLUSIONS 

Uncertainties  regarding  the  magnitude  and  timing  of 
climatic  change  are  large,  but  there  is  a  growing  consensus  in 
the  scientific  community  that  global  warming,  perhaps  of 
significant  degree,  due  to  anthropogenic  emissions  of  greenhouse 
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gases  is  probable,  and  rapid  climatic  change  over  the  next 
century  is  possible.  Within  EPA's  scenarios,  if  no  policies  to 
limit  the  emission  of  greenhouse  gases  are  undertaken,  the 
equivalent  of  a  doubling  of  C02  is  estimated  to  occur  between 
2030  and  2040,  and  the  earth  warms  by  2-6  degrees  Celsius  by  the 
end  of  the  21st  century. 

Very  large  reductions  in  anthropogenic  emissions  would  be 
necessary  to  stabilize  atmospheric  concentrations  of  greenhouse 
gases.  EPA's  scenarios  do  not  achieve  these  reductions,  but 
rather  examine  a  mix  of  policy  responses  to  limit  emissions  of 
greenhouse  gases  that  could  significantly  reduce  the  estimated 
rate  and  magnitude  of  climate  warming. 

Policy  and  technological  measures  to  limit  greenhouse  gas 
emissions  are  estimated  to  decrease  the  magnitude  and  speed  of 
projected  global  vanning,  regardless  of  uncertainties  about  the 
response  of  the  climate  system.  With  such  global  policy 
measures,  the  report  estimates  that  the  rate  of  global  warming 
could  be  significantly  limited  over  the  next  century,  perhaps 
by  one  half  or  more  of  the  warming  that  is  estimated  to  occur 
without  policy  intervention. 

Global  cooperation  will  be  essential  to  effectively  reduce 
greenhouse  gas  emissions.  No  single  country  or  source  will 
contribute  more  than  a  fraction  of  the  greenhouse  gases  that  may 
contribute  to  global  climate  change.  Any  overall  solution  to 
the  climate  change  problem  will  require  cooperation  of  many 
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countries  and  reductions  in  many  sources.    For  example, 
postponement  of  action  by  developing  countries  to  reduce 
greenhouse  gas  emissions  would  severely  hamper  the  effectiveness 
of  any  reduction  by  developed  countries. 

The  report  considers  a  wide  range  of  potential  policy 
options  to  reduce  greenhouse  gas  emissions.  Although  detailed 
economic  analysis  was  not  conducted,  we  believe  that  some 
emissions  reductions  are  possible  while  promoting  economic 
development,  environmental,  and  social  goals.  In  industrialized 
countries,  acid  rain,  urban  ozone,  and  dependence  on  imported 
energy  could  be  reduced  as  part  of  an  overall  strategy  that 
reduces  greenhouse  gas  emissions.  Energy  efficiency 
improvements  are  important  all  over  the  world.  In  some 
developing  countries  efficiency  improvements  may  actually  reduce 
capital  requirements  in  the  power  sector  and  encourage  long  term 
economic  development.  Carefully  designed  efforts  to  halt 
deforestation  in  developing  countries  could  possibly  provide 
long-run  economic  and  environmental  benefits,  in  addition  to 
reducing  the  emission  of  greenhouse  gases. 

Technological  and  Policy  Options 

Various  technological  and  policy  options  were  evaluated  for 
their  estimated  effectiveness  in  reducing  the  projected  rate  and 
magnitude  of  global  warming.  No  single  technology  or  policy  can 
have  a  significant  impact  in  mitigating  the  accumulation  of 
greenhouse  gases  because  of  the  wide  variety  of  sources.   But, 
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the  models  predict  that  many  individual  measures,  each  having 
a  modest  impact  on  greenhouse  gas  emissions,  can  have  a 
significant  impact  on  the  estimated  rate  of  climate  change  when 
combined.  The  model  results  imply  that  only  by  aggregating  the 
effects  of  many  technical  opportunities  over  a  long  time  can 
significant  reductions  in  greenhouse  gas  emissions  be  achieved. 
This  implies  that  any  overall  strategy  to  reduce  greenhouse  gas 
emissions  must  seek  the  right  combination  of  pricing, 
regulation,  technological  development,  procurement,  state 
programs,  and  information  transfer. 

Let  me  speak  about  a  few  of  these  options.  Although  we 
have  not  conducted  detailed  economic  estimates,  there  is  an 
extensive  literature  indicating  that  improvements  in  end-use 
energy  efficiency  provide  the  best  option  for  reducing  C02 

emissions  over  the  next  few  decades.  Reductions  in  energy  use 
would  also  reduce  emissions  of  CH4,  N20,  N0X,  and  CO.   Many 

efficiency  improvements  are  possible  by  the  year  2  000.  These 
include  improvements  in  the  transportation  sector  and 
accelerated  improvements  in  building  shells,  lighting,  space 
conditioning,  and  appliances.  All  of  these  could  significantly 
reduce  energy  requirements. 

Near-term  reductions  in  greenhouse  gas  emissions  from 
electricity  generation  are  possible  through  both  efficiency 
improvements  and  fuel  switching.  Improved  fossil  fuel 
electricity  generation  technology,  such  as  advanced  combustion 
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turbines  and  cogeneration,  can  increase  the  efficiency  of  using 
these  fuels  by  up  to  25  percent.  Also,  the  use  of  more  natural 
gas  to  displace  coal  as  a  fuel  for  generating  electricity  could 
reduce  C02  emissions  by  a  substantial  amount  in  the  near  term. 

Alternative  fuels,  such  as  hydroelectric,  biomass,  solar, 
geothermal,  wind,  and  nuclear,  do  not  emit  significant  amounts 
of  greenhouse  gases  and  could  make  an  important  contribution  to 
reducing  these  emissions  in  the  medium  term  and  could  virtually 
eliminate  many  categories  of  emissions  over  the  long  term.  For 
widespread  use  of  alternative  fuels,  important  engineering, 
economic,  environmental,  and  social  issues  must  be  resolved. 

Reforestation  may  offer  one  of  the  most  attractive  options 
for  reducing  net  C02  emissions.  Preliminary  estimates  of  the 
feasibility  of  large-scale  reforestation  suggest  that  with 
aggressive  raforestation  programs,  the  current  deforestation 
trend  could  be  reversed  and  that  a  significant  net  increase  in 
forest  biomass  is  possible. 

Improvements  in  agricultural  production  efficiency  could 
reduce  emissions  from  those  sources.  Increasing  the  efficiency 
of  fertilizer  use,  productivity  of  livestock  systems,  and 
productivity  of  rice  cultivation  could  decrease  the  emission  of 
greenhouse  gases  per  unit  of  agricultural  product.  Also, 
reducing  the  amount  of  biomass  burning  associated  with 
agriculture  through  sustainable  agriculture  and  effective 
utilization  of  crop  residues  would  reduce  the  emission  of 
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greenhouse  gases. 

According  to  our  current  estimates,  a  phase  out  of  CFCs 
could  reduce  the  amount  of  global  warming  by  as  much  as  15 
percent. 

Research  Needs 

The  Report  defines  the  major  uncertainties  relating  to 
climate  change  and  indicates  research  needs  to  both  resolve 
these  uncertainties  and  reduce  greenhouse  gas  emissions.  The 
Administration  is  moving  ahead  to  expand  research  in  this  area. 
The  President's  Budget  requested  increased  resources  for  a 
directed  and  coordinated  global  change  research  program.  The 
report  suggests  that  future  research  activities  focus  on  the 
characterization  of  sources  of  greenhouse  gases,  climate  system 
feedback  analysis,  and  development  of  improved  ocean  circulation 
models.  In  addition,  research  and  development  is  needed  to 
improve  our  options  for  limiting  greenhouse  gas  emissions. 
There  is  a  need  for  the  development  of  new  technologies  in  the 
areas  of  CFC  substitutes,  energy  efficiency  (including  lighting, 
industrial  processes,  vehicles,  and  insulating  materials) , 
alternative  fuels  (biomass,  solar,  nuclear,  hydrogen,  and  energy 
storage  techniques),  agricultural  practices  (livestock 
management,  rice  production,  and  biomass  burning) ,  and  forest 
management. 
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GLOBAL  CLIMATE  CHANGE  AND  EPA 

National  Activities 

EPA,  along  with  other  Federal  agencies,  intends  to  continue 
to  be  an  active  participant  in  the  formulation  of  a  Federal 
research  agenda,  in  the  conduct  of  research  that  improves  our 
understanding  of  the  earth's  climate  system  and  that  supports 
the  needs  of  policymakers,  and  in  future  debates  over  strategies 
to  adapt  to  climate  change  or  to  limit  emissions. 

The  development  of  a  national  policy,  as  mandated  under  the 
Climate  Protection  Act,  will  be  complex  and  the  formulation  of 
a  coordinated  international  response  may  take  a  great  deal  of 
effort.  Much  work  remains  to  be  done  by  the  research  community 
to  understand  emissions,  the  interactions  of  emissions  with  the 
biosphere,  and  the  ultimate  effect  on  man  and  the  environment 
of  increasing  greenhouse  gas  emissions  levels  in  the  atmosphere. 
At  EPA,  we  intend  to  examine  the  prudent  steps  that  can  be 
undertaken  to  achieve  multiple  goals,  and  do  so  in  a  timely 
manner.  In  the  future,  we  will  do  a  great  deal  more  to  examine 
the  cost  of  different  options  and  the  technological,  cultural, 
and  political  barriers  to  implementation  of  policies. 

International  Activities 

As  more  countries  recognize  that  no  single  nation  acting 
alone  can  decisively  affect  the  greenhouse  gas  problem, 
international  organizations  have  increasingly  become  involved 
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in  the  climate  change  arena.  These  include  the  United  Nations 
Environment  Programme  (UNEP) ,  the  World  Meteorological 
Organization  (WMO) ,  and  the  International  Council  of  Scientific 
Unions  (ICSU) .  The  most  significant  recent  event  has  been  the 
establishment  by  WMO  and  UNEP  of  the  Intergovernmental  Panel  on 
Climate  Change  (IPCC) . 

The  first  meeting  of  the  IPCC  was  held  in  November  1988, 
with  over  30  countries  participating.  The  IPCC  established 
three  working  groups  to  (1)  assess  available  scientific 
information  on  climate  change;  (2)  assess  the  possible 
environmental  and  socio-economic  impacts  of  climate  change;  and 
(3)  formulate  possible  response  strategies.  The  working  group 
on  science  is  chaired  by  the  United  Kingdom.  The  working  group 
on  impacts  is  chaired  by  the  Soviet  Union.  And,  the  United 
States  chairs  the  working  group  on  response  strategies. 

In  late  January  1989,  the  United  States  hosted  the  first 
meeting  of  Working  Group  III.  The  meeting  was  introduced  by 
Secretary  of  State  James  A.  Baker  III,  who  made  four  points: 
first,  that  we  can  probably  not  afford  to  wait  to  resolve  all 
uncertainties  before  acting;  second,  that  we  should  focus 
immediately  on  steps  which  are  justified  for  other  reasons, 
including  reduction  of  CFC  emissions,  greater  energy  efficiency, 
and  reforestation;  third,  that  global  solutions  should  be  as 
specific  and  cost-effective  as  possible;  and  fourth,  that 
solutions  must  reconcile  the  requirements  for  both  economic 
development  and  a  safe  environment.  The  three  day  session  ended 
with  the  adoption  of  an  ambitious  work  plan.   The  plan  includes 

the  development  of  adaptive  and  emission  limiting  responses  for 
agriculture,  industry,  natural  resources,  and  coastal  zones. 
The  EPA  was  an  active  participant  in  this  entire  process  along 
with  other  agencies.  The  Agency  expects  to  play  a  very  active 
role  in  the  IPCC  process  in  the  future.  EPA  looks  forward  to 
working  with  interested  federal  agencies,  and  others,  and  to  the 
exchange  of  research  and  policy  findings  with  other  countries. 
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Mr.  Sharp.  Let  me  first  get  a  little  clearer  picture  of  what  you 
covered  in  your  concluding  remarks,  where  we  are  and  where  we 
expect  to  be  in  terms  of  ability  to  make  policy.  At  this  point,  what 
you've  provided  us  is  not  recommendations  obviously  but  simply 
analysis  of  possibilities;  is  that  correct? 

Ms.  Fisher.  That's  correct. 

Mr.  Sharp.  That's  correct  and  are  we  to  expect  at  a  future  point, 
recommendations  as  to  policy  possibilities  from  the  administration, 
from  EPA? 

Ms.  Fisher.  Well,  you're  very  correct  in  stating  that  this  was  a 
report  to  analyze  a  variety  of  policy  options  that  could  be  taken 
over  time  to  address  the  emissions  of  greenhouse  gases.  There's  a 
lot  of  work  that  would  need  to  be  done  before  I  think  we'd  be  ready 
to  make  a  specific — either  one  policy  recommendation  or  a  series  of 
them. 

Those  would  include  far  more  detailed  analysis  on  the  cost  impli- 
cations of  each  of  these  policies,  more  work  on  the  technological 
feasibility  and  the  timeframe  that  different  policy  options  could  ac- 
tually be  implemented  in  this  country  as  well  as  other  countries. 

We  need  to  do  some  more  work  on  the  tradeoffs  of  the  different 
policy  options  as  they  play  off  against  each  other. 

In  terms  of  timeframe,  the  administration  doesn't  have  a  dead- 
line by  which  they're  trying  to  develop  a  single  policy  response  but 
we  are  very  actively  involved  in  the  intergovernmental  process.  As 
I  said  earlier,  the  United  States  is  chairing  the  work  group  on  re- 
sponse policies.  That  is  important  because  that  work  group  is  to  de- 
velop a  report  in  the  fall  of  1990  that  will  target  a  variety  of  policy 
options  that  could  be  implemented  worldwide  to  deal  with  global 
warming. 

I  don't  think  I  would  go  as  far  as  to  say  that  there  will  be  an 
intergovernmental  recommendation — in  other  words,  an  interna- 
tional recommendation  but  a  lot  more  work  will  be  done  on  what 
can  be  done  and  how  it  could  be  implemented  throughout  the 
world.  The  United  States  is  trying  to  time  our  domestic  activities  to 
be  in  complete  sync  with  the  international  activities  so  I  think 
we'd  be  looking  to  something  next  year  before  we  really  got  into 
anything  more  specific  in  terms  of  real  policy  responses. 

In  the  meantime,  as  we  at  the  Agency  begin  to  think  through  en- 
vironmental policies  that  we  are  currently  implementing,  perhaps 
most  specifically  as  the  administration  starts  looking  at  the  Clean 
Air  Act,  we  are  keeping  in  mind  the  implications  of  the  alterna- 
tives that  we  review  would  have  on  global  warming,  what  effect 
different  policy  options  would  have  on  emissions  of  CO2  or  on 
energy  efficiency. 

So,  we've  started  to  inculcate  greenhouse  concerns  into  our  cur- 
rent analysis  as  we  implement  other  environmental  programs. 

Mr.  Sharp.  It  seems  to  me  that's  extremely  important  because  to 
get  international  or  even  national  comprehensive  policies  is  going 
to  be  highly  complicated  both  intellectually  and  politically  both 
here  at  home  and  abroad,  but  it  seems  to  me  that  we  want  to  begin 
clearly  taking  steps  that  we  have  knowledge  about,  or  when  we're 
making  decisions  understand  what  their  implications  are  and 
whether  they  add  to  or  reduce  our  impact  on  global  climate. 


144 

It  seems  to  me  that  was  the  basic  thrust  of  the  National  Acade- 
my of  Sciences'  recommendations  to  President  Bush — to  start 
taking  prudent  steps.  If  we  don't  know  for  sure  the  cause,  if  we 
don't  know  for  sure  the  outcomes,  we  nonetheless  can  start  taking 
actions  that  will  help  us  along  that  path  even  if  we're  not  ready  to 
make  final  decisions  and  I  trust  that's  what  the  administration  will 
attempt  to  do  when  it's  involved  in  its  clean  air  legislation  that — 
you  anticipate  that  will  be  sent  up  this  May — I  mean  this  month, 
still? 

Ms.  Fisher.  We  are  still  pushing  for  an  end  of  the  month  dead- 
line. 

Mr.  Sharp.  End  of  the  month  deadline.  That's  before  Memorial 
Day.  Let  me  ask  you  this  though.  In  terms  of  the  international  sit- 
uation and  I  realize  this  is  not  just  an  EPA  decision,  this  is  broader 
in  the  administration  but  you  folks  are  a  critical  part  of  that. 

I  guess  many  of  us  want  to  make  sure  the  United  States  is  not 
just  waiting  for  the  international  community  to  come  to  some  kind 
of  conclusion  but  is  in  fact  leading  the  international  community  to 
reach  conclusions  and  to  take  coordinated  actions.  You  mentioned 
we  are  chairing  the  working  group.  I  hope  we're  pressing  the  work- 
ing group. 

Ms.  Fisher.  We  are.  In  fact  our  study  is  probably  going  to  be  one 
of  the  most  important  contributions  to  the  work  of  that  work 
group.  We  have  shared  it  with  the  other  countries.  Additionally,  we 
have  been  very  active  in  all  the  aspects  that  the  work  group  has 
underway. 

It's  a  work  group  made  up  of  about  17  other  countries.  My  feel- 
ing is  we've  been  very  aggressive  in  leading  them  and  in  being  sure 
that  the  work  that  people  projected  to  do  is  in  fact  underway.  In 
fact  a  group  of  us  are  going  to  go  to  Geneva  next  week  to  meet 
with  the  heads  of  delegations  of  all  the  countries  to  see  what  they 
have  been  doing  in  terms  of  contributing  to  the  policy  analysis. 

Mr.  Sharp.  Is  the  United  States  in  any  other  way  communicat- 
ing with  the  Soviet  Union  and  with  China  with  respect  to  their 
future  energy  policies  and  what  technologies  are  available  and 
what  not?  We  have  no  way  to  dictate  the  outcome  of  their  policies 
but  nonetheless,  are  we  engaging  them  in  any  other  way  than 
through  this  working  group  that  you're  aware  of? 

Ms.  Fisher.  The  Soviet  Union  is  on  the  work  group  and  has  been 
contributing  to  it.  Additionally,  the  intergovernmental  panel  is  di- 
vided up  into  three  work  groups.  One  is  the  response  strategies 
work  group  that  we  chair.  A  second  work  group  is  focusing  on  ef- 
fects, the  effects  on  society  of  increases  in  climate  change  and  the 
Soviet  Union  is  the  cochair  of  that  work  group.  So  they  have  been 
participating  in  that. 

Additionally,  we  have  a  bilateral  agreement  with  the  Soviet 
Union  that  among  other  things  addresses  climate  change  and  we 
will  be  engaging  them  through  that  bilateral  to  be  sure  that  they 
are  looking  at  their  own  energy  systems  and  their  own  economic 
growth  projections  to  see  what  we  can  do  to  have  them  take  cli- 
mate change  into  account. 

In  fairness  to  them,  they  seem  to  have  a  lot  of  other  problems  in 
their  government  right  now  and  I'm  not  positive  that  this  is  No.l 
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on  the  plate  but  in  terms  of  their  environmental  ministry,  they 
have  been  very  interested  and  actively  engaged  in  the  issue. 

Mr.  Sharp.  Well,  you  exhibit  what  is  clear  realism  about  the 
problem  but  it  only  heightens  the  necessity  for  our  government 
and  other  governments  to  raise  these  on  the  international  agenda 
at  all  kinds  of  conferences  and  all  kinds  of  forums  because  it's  pre- 
cisely to  get  other  governments — our  own  government  has  trouble 
keeping  this  anywhere  on  its  plate — and  if  it's  not  continually 
raised  by  spokesmen  of  the  United  States  and  others  I  think  it's 
going  to  be  very  hard  for  China  and  the  Soviet  Union,  and  the  de- 
veloping world,  to  take  it  seriously. 

I  don't  mean  to  suggest — I'm  just  trying  to  say  what  we  must  do. 
What  they  must  do  are  going  to  be  extraordinary  things  as  well 
and  it  seems  to  me  that  it  behooves  us  to  make  that  a  central  part 
of  our  foreign  policy  that  we  are  raising  environmental  issues  both 
in  terms  of  how  we  act  on  our  own  issues  as  well  as  trying  to  work 
out  agreements  with  others  because  it  simply  is  not  going  to 
happen  without  enormous  pressure  from  all  sorts  of  folks,  in  their 
countries,  in  our  country  and  elsewhere. 

Ms.  Fisher.  We  also  have  a  bilateral  with  the  Peoples'  Republic 
of  China  dealing  specifically  with  climate  change  and  for  the  same 
reason,  we're  trying  to  get  them  to  take  a  look  at  their  emission 
sources  and  their  energy  projections.  Additionally,  yesterday  and  in 
fact  ongoing  today,  the  Administrator  of  EPA  was  meeting  with 
the  head  of  the  Ministry  of  Environment  in  Japan  and  climate 
change  was  a  big  part  of  their  agenda  and  they  spent  some  time  in 
a  private  meeting  talking  about  what  Japan  can  do  to  increase  par- 
ticipation of  the  Pacific  Rim  countries  and  include  China  in  that  in 
the  whole  international  debate. 

So  it's  something  that  comes  up  when  the  Administrator  meets 
with  foreign  leaders.  It's  also  something  that  the  President  is  be- 
coming more  and  more  aware  of  and  is  bringing  up  in  his  different 
meetings  with  various  Prime  Ministers. 

Mr.  Sharp.  Well,  I  hope  you  folks  within  the  administration 
would  be  continually  raising  it  with  the  White  House  and  State  De- 
partment that  every  time  the  Secretary  of  State  meets,  every  time 
the  President  meets,  every  time  the  Vice  President  attends  a  funer- 
al, that  they  raise  these  questions.  That's  when  change  comes 
sometimes.  So  the  point  is,  you  help  remind  our  leaders  and  we 
have  to  remind  ourselves  in  Congress  to  keep  these  on  the  agenda. 

Let  me  recognize  our  ranking  Republican,  Mr.  Moorhead. 

Mr.  Moorhead.  Thank  you.  One  of  the  issues  that  we're  con- 
cerned with  on  this  committee  is  of  course  nuclear  power.  I  see 
that  this  is  one  of  the  options  that's  listed  for  stabilizing  global  cli- 
mate, to  increase  the  availability  of  nuclear  power  and  one  of  the 
things  you  speak  about — you  say  advance  designs,  in  particular  the 
modular  high  temperature  gas  cooled  reactor  have  been  proposed 
to  attempt  to  overcome  some  of  the  problems  that  the  nuclear  in- 
dustry has. 

That's  one  of  the  issues  that  we're  dealing  with  and  I'm  glad  to 
see  that  you've  included  that  in  your  report.  Are  you  hopeful  that 
we  can  increase  with  safety  that  particular  option? 
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Ms.  Fisher.  Congressman,  the  report  anticipates  an  increase  in 
nuclear  power  worldwide.  In  our  country  as  you  know,  we  do  have 
some  problems  in  terms  of  its  acceptance  for  a  variety  of  reasons. 

We  think  that  as  people  look  across  their  energy  options  and 
look  to  energy  sources  that  do  not  contribute  greenhouse  gases  to 
the  atmosphere,  you  do  have  to  take  a  hard  look  at  nuclear  power. 
That  is  not  to  suggest  that  in  the  course  of  the  study  we  found  any 
of  the  answers  to  the  problems  that  we're  having  in  the  United 
States. 

It  more  speaks  to  the  fact  that  it  does  not  contribute  greenhouse 
gases  and  it's  a  source  of  power  that  in  fact  people  may  need  to 
look  at  more  in  the  future. 

Mr.  Moorhead.  Considering  the  political  atmosphere  around  the 
world  and  the  willingness  of  some  countries  to  do  more  than  others 
obviously  in  taking  care  of  environmental  problems,  with  your  list 
of  relative  effectiveness  of  policy  options  that  you  have  here,  you 
have  a  number  of  things  that  are  projected. 

Have  you  made  any  estimates  about  the  possibilities  of  reaching 
some  of  these  goals  through  cooperation  with  other  countries?  Are 
you  pretty  optimistic  that  this  can  be  done? 

Ms.  Fisher.  In  the  intergovernmental  process  where  the  United 
States  has  been  participating  with  other  countries  of  the  world,  we 
have  put  on  the  table  one  of  the  big  issues  that  we  need  to  concen- 
trate on  is  how  in  fact  we  would  implement  these  or  other  policy 
options  throughout  the  world.  What  would  be  the  most  effective 
way  in  different  countries  given  different  political  systems,  differ- 
ent economic  systems,  different  energy  bases,  to  implement  policies 
that  would  reduce  greenhouse  gases. 

My  own  sense  is  that  there  is  not  going  to  be  a  prescribed  menu 
that  each  country  will  have  to  follow  because  each  country  has  a 
different  mix  of  sources  and  each  country  is  going  to  have  to  figure 
out  different  ways  to  incorporate  emission  reduction  strategies  into 
their  own  society. 

The  intergovernmental  panel  is  going  to  look  at  as  part  of  its 
process  some  of  the  barriers  to  implementation,  whether  they  are 
political  or  cultural  or  social  or  economic  and  try  to  come  up  with 
solutions  to  those  barriers  or  ways  to  get  around  those  barriers. 

Am  I  optimistic  about  it?  I  am  thus  far  because  we  have  had  tre- 
mendous interest  and  cooperation  among  many  governments 
around  the  world,  both  developed  and  developing  and  from  Africa 
and  South  America  and  Asia  and  all  around  the  world.  So  people 
are  participating  which  tells  me  they're  taking  it  seriously. 

They  seem  to  be  realistic  about  the  problems  that  each  country 
is  going  to  face  in  terms  of  trying  to  implement  policy  options  but 
they  seem  willing  to  discuss  those  problems.  We  haven't  yet  come 
up  with  the  true  test.  We  haven't  come  up  with  policy  options  that 
people  have  had  to  fight  over  or  to  debate  yet.  So  we  haven't  had  to 
put  the  hard  question  to  people. 

Pausing  for  a  moment  and  looking  to  the  Montreal  protocol 
where  the  international  community  acted  together  to  address  a 
problem,  that  problem  being  CFC  emissions,  that  gives  me  some 
hope  that  in  fact  people  can  come  together,  can  agree  on  solutions 
and  proceed  to  implement  them  in  their  own  country. 
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So  at  this  point,  I  am  optimistic  and  it's  because  of  the  spirit  and 
attitude  that  all  the  different  governments  have  brought  into  the 
intergovernmental  process. 

Mr.  Moorhead.  One  of  the  big  things  that  we  are  being  inundat- 
ed with  in  the  United  States  is  trash,  junk  of  all  kinds.  I  notice  one 
of  the  things  that  you  have  listed  here  is  agricultural  landfills  and 
cement.  Landfills  are  very  unpopular  when  you  want  to  put  one  in 
somebody  else's  area.  Is  this  a  prospect  that  you  look  to  being  in- 
creased for  the  future? 

Ms.  Fisher.  No.  The  point  was  there  was  that  landfills  contribute 
methane,  and  methane  is  one  the  greenhouse  gases.  So,  one  of  the 
policy  options  to  deal  with  reducing  methane  is  to  control  emis- 
sions of  methane  from  landfills,  and  we  are  looking  at  technologies 
that  can  collect  methane,  some  of  which  are  already  in  place  in  dif- 
ferent landfills  in  the  United  States.  So,  the  issue  is  how  to  control 
emissions  that  are  occurring  from  landfills,  that  being  mostly 
methane  but  also  some  CO2,  and  improving  our  technologies  and 
implementing  those  technologies  at  different  landfills.  That  is  the 
issue  there. 

Additionally,  one  of  the  policy  options  people  can  encourage  is 
recycling,  which  would  reduce  the  amount  of  trash  going  into  land- 
fills and,  therefore,  reduce  the  amount  of  methane.  So,  it  is  not  an 
interest  in  more  landfills.  It  is  an  interest  in  improving  the  quality 
of  the  landfills  that  we  have  in  terms  of  control  devices  on  meth- 
ane emissions  and,  perhaps,  reducing  them. 

Mr.  Moorhead.  There  is  a  study  that  is  being  made  by  some 
people  that  go  and  dig  up  these  landfills  after  20  years  or  so,  and  it 
shows  that  the  newspapers  that  were  dumped  in  there  20  years 
before  are  still  readable.  They  do  not  change.  They  are  still  the 
same,  and  something  maybe  is  going  to  have  be  done  with  these 
items  that  could  be  done  away  with  in  some  other  manner  so  that 
they  do  not  just  sit  there  and  affect  the  atmosphere  from  their 
graves. 

Ms.  Fisher.  That  is  the  role  that  recycling  can  help  play. 

Mr.  Sharp.  The  gentleman  from  Utah,  Mr.  Nielson. 

Mr.  Nielson.  Thank  you,  Mr.  Chairman. 

Ms.  Fisher,  this  is  just  a  draft  report,  so  far,  isn't  it? 

Ms.  Fisher.  That  is  correct. 

Mr.  Nielson.  And  who  is  going  to  review  it?  Is  DOE  going  to  be 
able  to  review  it  before  it  is  made  final? 

Ms.  Fisher.  Absolutely.  In  fact,  they  are  reviewing  it  now.  They 
were  also  involved  in  many  of  the  workshops  that  led  up  to  the 
actual  draft  that  you  see  before  you,  and  they  will  be  and  are  cur- 
rently participating  not  only  in  a  review  of  this  but  in  additional 
work  that  we  have  underway. 

Mr.  Nielson.  When  they  review  this  report,  suppose  they  do  not 
think  your  assumptions  are  realistic,  what  then? 

Ms.  Fisher.  Then,  we  will  have,  as  we  so  often  have  with  DOE,  a 
big  debate,  and  I  am  not  positive  how  it  will  be  resolved.  Since  they 
participated  in  the  workshops  early  on  that  led  to  the  final  report, 
they  have  had  input  into  a  lot  of  the  assumptions  that  we  used. 
That  is  not  to  say  that  they  agree  with  everything,  but  many  of 
their  concerns  we  think  we  have  addressed. 
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Mr.  Nielson.  On  page  29  of  the  executive  summary,  you  state 
"Policies  to  promote  energy  efficiencies  in  all  sectors  succeed  in 
substantially  reducing  energy  demand".  In  other  words,  that  is 
how  we  will  solve  it.  What  policies  are  you  referring  to,  how  much 
energy  savings  are  you  referring  to,  and  how  realistic  is  it  that  we 
will  get  those  savings? 

Ms.  Fisher.  We  looked  across  all  sectors  of  the  economy  in  terms 
of  transportation,  the  industrial  sector,  commercial  sector — residen- 
tial, commercial,  industrial,  and  transportation  sectors,  and  we 
tried  to  estimate  what  kind  of  energy  efficiencies  would  be  avail- 
able over  the  next — or  the  time  period  in  the  report,  and  I  can  list 
those  for  you. 

Mr.  Nielson.  Do  you  tie  down  the  policy  and  the  savings  at- 
tached to  that  policy  anywhere  in  your  report,  and  if  not,  would 
you  be  able  to  provide  that  for  the  committee? 

Ms.  Fisher.  The  chart 

Mr.  Nielson.  I  saw  the  chart,  but  I  did  not  see 

Ms.  Fisher.  The  chart  tries  to  indicate  for  you  what  kind  of  sav- 
ings you  could  get  in  terms  of  reduced  warming  scenarios  by  imple- 
menting each  of  those  in  the  broad  sense.  We  do  not  have — I  do  not 
believe  we  did  a  specific  analysis  of  what  energy  efficiencies  in  the 
residential  sector  alone  would  give  you.  We  combined  them  togeth- 
er. 

Mr.  Nielson.  Let  me  ask  you  about  the  ambitious  Energy  Effi- 
ciency Program.  They  maintain  that  if  we  follow  conservation  poli- 
cies, this  sort  of  thing,  we  can  have  a  lot  more  population  and  still 
not  use  any  more  energy.  Do  you  think  that's  realistic? 

Ms.  Fisher.  I  am  not  positive  I  exactly  follow  your  question,  but  I 
think  that  we  think  it  is  realistic  to  get  serious  energy  gain. 

Mr.  Nielson.  They  say  specifically  they  could  keep  world  energy 
demand  flat  at  the  same  time  they  have  economic  growth  and  pop- 
ulation increases. 

Ms.  Fisher.  We  think  that  you  can  do  that.  If  you  get  your 
energy  efficiencies,  then  you  can  still  enjoy  economic  growth  or 
population  growth  and  keep  your  energy  increase  flat. 

Mr.  Nielson.  How  does  that  tie  with  the  World  Energy  Confer- 
ence, which  says  it  could  double  and  triple,  even  without  popula- 
tion growth? 

Ms.  Fisher.  You  can  double  and  triple  your  energy  use? 

Mr.  Nielson.  Yes. 

Ms.  Fisher.  Because  I  assume  they  have  not  taken  into  account 
improvements  in  energy  efficiency,  which  is  what  we  are  saying 
you  would  need  to  do. 

Mr.  Nielson.  So,  you  have  two  prestigious  groups:  One  is  saying 
we  can  increase  the  population  and  keep  the  energy  constant;  the 
others  say  we  can  keep  the  population  constant  but  double  our 
energy.  There  seem  to  be  opposite  contentions. 

Ms.  Fisher.  I  think  what  we  are  trying  to  say  is  that  if  you 
have — if  our  government  and  other  government  institute  policies 
that  will  bring  about  energy  efficiency,  you  will,  in  fact,  reduce  the 
use  of  energy  over  time,  or  if  your  population  increases,  you  could 
keep  your  energy  use  flat,  even  though  you  have  increased  popula- 
tion. 
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Mr.  Nielson.  Congressman  Moorhead  asked  about  how  realistic 
your  assumptions  are  on  landfills  and  on  nuclear.  What  about 
solar?  We  have  been  working  on  solar  energy  for  a  long,  long  time. 
Can  we  really  achieve  the  efficiencies  you  are  talking  about  there, 
and  if  so,  when? 

Ms.  Fisher.  We  tried  to  include  in  the  report,  and  I  will  let  Dr. 
Morgenstern  address  this  more  fully,  realistic  assumptions  about 
what  kind  of  technologies  can  be  brought  online.  In  other  words, 
we  did  not  try  to  use  in  the  report  things  that  we  thought  were 
completely  out  of  the  realm  of  possibility.  We  tried  to  put  on  the 
plate  realistic  policy  options  that  people  can  look  at.  We  are  doing 
more  work  in  terms  of  cost  analysis,  technological  analysis,  and  im- 
plementation problems  to  find  more  precisely  over  what  time 
period  some  of  these  technologies  could  be  brought  online. 

Mr.  Nielson.  One  that  particularly  bothers  me  about  solar  is  you 
claim  that  by  2025  solar  technology  will  be  available  to  make  the 
cost  4.6  cents  a  kilowatt  hour. 

Mr.  Morgenstern.  That  is  the  assumption  that  was  used  by  the 
Department  of  Energy,  actually.  We  sort  of  adopted  their  long-term 
assumption  for  the  year  2000. 

Mr.  Nielson.  I  was  just  going  to  ask  have  they  checked  that  as- 
sumption? 

Mr.  Morgenstern.  Well,  it  is  their  exact  assumption. 

Mr.  Nielson.  I  see.  Okay.  Thank  you. 

Mr.  Morgenstern.  I  would  just  like  to  comment  on  an  earlier 
point  in  terms  of  the  energy  demand.  In  our  work,  we  did  not 
assume  that  energy  demand  was  actually  declining.  What  we  as- 
sumed was  that  energy  was  being  provided  by  different  sources 
which  did  not  produce  as  much  greenhouse  gases.  So,  for  example, 
solar,  some  of  the  biomass,  essentially  enables  you  to  have  your 
energy  levels  without  releasing  as  much  greenhouse  gases. 

Mr.  Nielson.  Thank  you. 

Mr.  Chairman. 

Mr.  Sharp.  I  thank  the  gentleman. 

The  gentleman  from  Florida  is  recognized. 

Mr.  Bilirakis.  Thank  you,  Mr.  Chairman. 

Ms.  Fisher,  is  China  a  member  of  the  working  group? 

Ms.  Fisher.  Yes,  sir.  In  fact,  they  are  a  vice  chair  to  us  on  the 
response  strategy  work  group. 

Mr.  Bilirakis.  And  you  have  already  mentioned,  I  think,  a 
couple  of  the  developing  countries.  Would  we  say  that,  for  the  most 
part,  the  developing  countries  are  well  represented  in  the  working 
group? 

Ms.  Fisher.  I  would  say  they  are  represented.  To  be  very  honest 
with  you,  we  are  a  little  concerned  that  they  increase  their  partici- 
pation. As  you  can  guess,  they  have  a  funding.  Participating  in  the 
meetings  is  expensive,  finding  the  experts  is  expensive,  and  for 
many  of  their  countries,  they  do  not  have— they  are  not  real  deep 
in  terms  of  technical  expertise.  It  is  a  concern  not  of  the  United 
States  but  the  other  developed  countries,  and  in  fact,  we  have  a 
kind  of  subwork  group  to  look  at  ways  to  even  more  engage  the  de- 
veloping countries. 

Mr.  Bilirakis.  We  cannot  belittle  the  significance  of  the  problem, 
of  the  issue,  there  is  no  question  about  that,  but  realistically,  are 


19-324    0-89-6 


150 

we  expecting  developing  countries  and  China — I  do  not  know  that 
we  would  put  China  in  that  category,  but  God  knows,  it  is  develop- 
ing— would  we  realistically  expect  those  people  to — well,  for  in- 
stance, we  see  the  line,  and  it  is  going  up  in  so  far  as  CO2  omissions 
are  concerned.  We  see  the  line  going  up  as  far  as  developing  coun- 
tries and  as  far  as  China,  and  those  lines  are  up  through  1985,  ap- 
parently, according  to  your  charts.  Have  we  received  statistics?  Is 
that  line — is  that  curve  continuing  to  go  up  for  the  years  1986  and 
1987? 

Ms.  Fisher.  Dennis,  do  you  know? 

Mr.  Tirpak.  I  think  that  it  is  going  up — has  gone  up  in  the  last  2 
years. 

Mr.  Bilirakis.  It  has  gone  up  for  developing  countries  and  for 
China? 

Mr.  Tirpak.  We  would  expect,  probably,  that  that  would  continue 
for  the  immediate  future,  given  what  we  know  about  China's  plans 
for  coal  use  and  plans  for  use  of  coal  also  in  India,  another  of  the 
developing  countries. 

Mr.  Biurakis.  Well,  that  is  the  whole  point,  I  guess.  I  mean,  re- 
alistically, would  we  expect  these  countries  that  are  really  develop- 
ing and  "progressing" — and  I  will  use  that  term  in  quotes,  because 
progress  also  means  problems  in  these  areas — would  we  expect 
them  to  interrupt  that  "progress" — again,  using  that  term  in  that 
sense — and  that  development  by  cooperating  with  the  rest  of  the 
world?  I  mean  it  is  an  awful  lot  easier  for  the  United  States  of 
America,  which  is,  so  to  speak,  already  developed,  to  be  able  to 
make  these  changes,  many  of  them  drastic  changes  in  terms  of  the 
way  that  they  live.  I  mean  have  we  considered  all  that,  or  are  we 
just  really  harping  into  the  wind  when  it  comes  to  anticipating 
that  kind  of  worldwide  cooperation? 

Mr.  Tirpak.  With  respect  to  China,  I  think  that  there  are  signs 
that  the  Chinese  will  need  to  reevaluate  the  way  they  use  energy. 
Up  until  now,  they  have  been  assuming  that  they  are  going  to  re- 
quire drastic  increases  on  the  supply  side,  and  they  really  have  not 
done  a  lot  of  detailed  analysis  of  how  they  might  reduce  demand 
and  use  energy  more  efficiently,  and  there  are  projects  underway 
being  sponsored  and  ourselves  to  try  to  engage  the  Chinese  and 
help  them  realize  that  energy  efficiency  should  be  an  important 
part  of  the  whole  equation  in  China,  as  well  as  pricing,  and  I  think 
the  Chinese  are  beginning  to  realize  that  pricing  also  will  be  very 
important  in  their  future.  So,  there  are  some  signs  that  despite  the 
current  program  plan,  this  may  change  in  the  future. 

Mr.  Biurakis.  Well,  you  know,  according  to  the  effective  action 
that  you  refer  to  here  that  is  required:  the  rest  of  the  world,  30  per- 
cent; China,  7  percent;  India,  4  percent;  we  are  already  up  to  over 
40  percent  there.  You  add  in  Brazil,  which  I  guess  is  developing.  It 
is  not  in  that  category,  but  in  a  sense,  it  is,  and  U.S.S.R.,  14  per- 
cent. I  do  not  know — these  people  are  going  to  have  to  go  back  to 
their  public,  which  is,  for  the  first  time,  able  to  see  the  results  of  a 
little  bit  of  progress,  if  you  will,  and  a  little  bit  of  development,  and 
tell  them,  "Hey,  you  have  got  to  stop.  We  have  got  to  stop." 

What  do  we  see  there?  You  are  in  these  meetings.  Do  we  see  the 
kind  of  mindset  that  is  going  to  be  willing  to  do  this  in  the  interest 
of  the  entire  world,  considering  that  it  is  in  the  interest  of  the 
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entire  world  not  for  this  generation  or  maybe  not  even  for  the  next 
generation,  but  we  are  talking  about  it  affecting  us  way  down- 
stream someplace,  after  we  are  6  feet  under? 

Ms.  Fisher.  I  do  not  think  that  we  will  be  able  to  resolve  the 
problem  or  deal  effectively  internationally  if  we  go  into  it  with  the 
mindset  that  developing  countries  cannot  develop  and  that  is  the 
solution.  That  is  not  going  to  fly,  and  that  really  has  not  been  the 
attitude  of  the  countries  when  they  come  together  to  meet.  In  fact, 
it  has  been  how  can  we  help  and  assist  them  in  developing  in  the 
most  environmentally  efficient  manner,  and  what  can  we,  as  a  de- 
veloped country,  do  to  contribute  to  that  learning,  whether  it  is 
through  new  technologies  or  transfer  of  technologies. 

Additionally,  as  I  said  earlier,  we  have  not  gotten  to  the  hard 
questions  yet,  and  maybe  that  is  why  everyone  is  cooperating,  but 
one  of  the  issues  is  going  to  be  how  is  it  that  we  as  a  developed 
country  or  world  deal  with  the  policy  options  that  make  sense  to 
us,  and  how  are  we  to  accommodate  growth  in  an  environmentally 
acceptable  manner  in  the  Third  World?  Those  are  questions  people 
are  very  aware  of.  They  have  not  taken  a  north-south  attitude,  but 
it  is  a  problem  that  is  out  there  and  people  are  very  well  aware  of 
it. 

Mr.  Bilirakis.  We  have  to  be  a  leader,  don't  we?  If  we  do  not 
show  them  that  we  are  willing  to  do  some  sacrificing  and  show 
some  leadership  not  only  in  terms  of  words  but  in  terms  of  actions, 
we  are  probably  not  going  to  get  the  cooperation  that  we  might 
need. 

Mr.  Chairman,  I  know  we  are  going  to  have  to  go.  I  was  hoping 
we  could  hit  recycling  a  little  bit,  too,  because  it  is  astounding  to 
me  that  so  many  countries  around  the  world  have  already  had  this 
and  we  are  just  not  doing  anything  at  all  in  that  area. 

Mr.  Sharp.  I  plan  to  come  back  after  we  vote,  but  I  wanted  to  let 
Mr.  Synar  have  a  chance  to  ask  a  couple  of  questions.  We  are  down 
to  about  8  minutes  before  we  vote.  In  fact,  I  will  turn  the  gavel 
over  to  the  gentleman  from  Oklahoma,  and  I  will  get  over  and  vote 
and  come  back,  and  we  can  just  have  a  brief  recess. 

Mr.  Synar  [presiding].  Thank  you,  Mr.  Chairman. 

Just  a  few  questions,  if  I  could,  Ms.  Fisher.  Your  testimony  today 
and  also  your  comments  during  the  questions  have  been  that  we 
want  to  be  very  aggressive,  we  want  to  show  some  leadership  ac- 
tions. In  your  testimony  and  the  answers  to  your  questions,  you 
talk  about  planning,  discussing,  cooperating,  meeting.  Turn  to  the 
last  page  of  your  sheet,  if  you  could,  that  you  handed  out  to  us.  Are 
you  prepared  today  to  give  this  subcommittee  some  dates  when 
these  things  will  be  completed?  Take,  for  example,  "obtain  feed- 
back on  a  report  from  the  SAB  and  others". 

Ms.  Fisher.  We  have  already  gotten  the  feedback.  We  met  with 
the  SAB  about  2  weeks  ago,  the  beginning  of  April,  and  got  their 
verbal  comments,  which  is  usually  what  we  get  first.  They,  then, 
submit  to  us  a  written  report. 

Mr.  Synar.  When  will  that  be  done? 

Ms.  Fisher.  Probably  6  or  7  weeks. 

Mr.  Synar.  All  right.  What  about  assess  technologies,  costs,  and 
investments  here?  When  can  we  expect  that  work  to  be  completed? 
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Ms.  Fisher.  I  do  not  think  it  will  be  completed.  Those  are  going 
to  be  an  iterative  process.  We  hope  to  have  more  work — a  supple- 
mental report,  perhaps,  to  what  we  have  done  already. 

Mr.  Synar.  All  right.  What  about  analyze  the  domestic  and 
international  implementation  options? 

Ms.  Fisher.  Those  are  currently  underway  in  the  intergovern- 
mental effort. 

Mr.  Synar.  When  will  they  be  completed? 

Ms.  Fisher.  We  will  have  a  report  in  the  fall  of  1990. 

Mr.  Synar.  Fall  of  1990? 

Ms.  Fisher.  It  will  be  an  international  report. 

Mr.  Synar.  1990?  Okay.  When  will  you  complete  the  research  on 
oceans,  clouds,  biological,  and  climate  feedbacks? 

Ms.  Fisher.  We  are  working  with  other  agencies,  which  actually 
have  far  more  expertise  that  we  do  in  that  area. 

Mr.  Synar.  No  completion  date? 

Ms.  Fisher.  Pardon  me? 

Mr.  Synar.  No  completion  date? 

Ms.  Fisher.  Not  a  completion  date,  because  again,  that  is  going 
to  be  a  lot  of  ongoing  research,  but  there  will  be,  again,  an  inter- 
governmental science  assessment  that  will  be  done  in  the  fall  of 
1990. 

Mr.  Synar.  All  right.  The  jackpot  question:  When  is  the  comple- 
tion date  for  the  national  policy,  as  required  by  the  Climate  Protec- 
tion Act? 

Ms.  Fisher.  We  do  not  have  a  completion  date  either  in  the  act 
or  we  have  not  set  one  in  the  administration,  but  I  think  that  we 
will  be,  again,  looking  to  the  intergovernmental  work  and  following 
on  that. 

Mr.  Synar.  Ms.  Fisher,  we  have  just  gone  down  the  list  of  the 
things  that  you  say  need  to  be  done.  You  have  not  been  able  to  give 
me  a  completion  date,  other  than  on  one  of  them.  That  does  not 
sound  too  aggressive  to  me. 

Ms.  Fisher.  Well,  actually,  I  disagree.  I  think  we  have  been  very 
aggressive.  First,  we  were  leaders  in  the  Montreal  protocol,  which 
addresses  CFC's,  which  is  one  of  the  major  greenhouse  gases.  We 
have  called  for  a  strengthening  of  that  protocol  in  terms  of  elimi- 
nating CFC's  completely  by  the  year  2000.  Additionally,  we  have 
both  financially  and  with  our  technical  experts  been  a  major  con- 
tributor to  the  international  analysis  that  has  been  done  under  the 
auspices  of  UNEP. 

So,  I  think  that  both  our  work  in  terms  of  these  two  studies, 
which  are  a  driving  force  behind  the  international  effort,  as  well 
the  contribution  we  have  made  there  does,  in  fact,  show  a  lot  of 
leadership.  We  are  not — we  have  not  developed  a  specific  policy 
recommendation  yet.  No  other  country  has,  but  the  work  that  we 
have  underway,  hopefully,  will  lead  to  very  sound,  well-though-out 
policy.  Recommendations  that  our  government  can  look  at  as  well 
as  the  other  governments. 

Mr.  Synar.  Well,  I  appreciate  that,  and  I  take  you  at  your  sincer- 
ity, but  as  the  gentleman  from  Florida  said  as  he  left,  leadership 
means  actions,  not  rhetoric  and  words,  and  sincerity  will  not  work 
unless  we  complete  some  of  these  so  that  we  can  accept  that  leader- 
ship role. 
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Let  me  ask  you  just  a  couple  of  questions  about  China  real  quick. 
I  met  with  Chinese  energy  officials  yesterday.  Are  we  presently  in- 
volved in  any  joint  ventures  on  energy  with  China? 

Mr.  Morgenstern.  We  have  an  agreement,  actually,  between  our 
office  and  the  Chinese  EPA,  which  involves  a  number  of  exchanges 
on  their  part.  Matter  of  fact,  one  of  their  senior  people  is  visiting 

with  us  for  the  year,  Dr.  Lee 

Mr.  Synar.  I  believe  that  I  met  with  him. 

Mr.   Morgenstern   [continuing].   And  we   are  developing  with 

them  some  work  plans  for  them  to  actually  produce 

Mr.  Synar.  Presently,  we  are  not  allowed,  by  law,  to  exchange 
capital  and  technologies,  correct? 
Mr.  Morgenstern.  I  believe  that  is  correct. 
Mr.  Synar.  So,  the  discussions  are  about  as  far  as  we  can  go. 
Mr.  Morgenstern.  Well,  studies  and  discussions.  That  is  right. 
Mr.  Synar.  I  will  adjourn  and  go  vote,  and  Mr.  Sharp  will  be 
back  shortly.  We  will  recess  for  5  minutes. 
[Brief  recess.] 

Mr.  Sharp  [presiding].  The  subcommittee  will  come  to  order. 
Let  me  ask  you,  a  number  of  the  bills  on  Capitol  Hill  and  com- 
munications to  the  administration  have  been  from  folks  recom- 
mending a  20-percent  reduction  in  C02  by  the  year  2000,  I  believe 
is  the  goal  they  set. 

Can  you  help  us  understand  what  it  would  take  to  reach  that 
kind  of  a  goal  of  20  percent  by  the  year  2000? 
Ms.  Fisher.  Dennis,  can  you  put  the  bar  chart  up  again? 
Let  me  give  you  a  feel  for  it. 

First,  that  chart  analyzed  or  laid  out  for  you  a  variety  of  policy 
options  that  would  be  needed  to  get  a  45-percent  reduction  from  an- 
ticipated warming,  45  percent  by  the  year  2050. 

In  order  to  get  20  percent  by  the  year  2000  we  would  have  to  ac- 
celerate a  lot  of  those  activities  and  that  is  not  a  small  matter. 

We  have  not  run  the  precise  analysis  you  have  asked  for,  which 
is  what  would  it  take  and  what  would  it  cost  to  get  a  20-percent 
reduction  by  the  year  2000? 

My  own  feeling  is,  kind  of  based  on  the  analysis  we  did  for  this, 
is  that  it  would  be  very,  very  difficult,  undoubtedly  very  expensive, 
if  in  fact  we  could  actually  do  it. 

My  feeling  is  the  transportation  efficiencies,  the  other  efficien- 
cies, the  changes  to  alternative  forms  of  energy  supply  away  from 
coal  or  other  fossil  fuels  will  take  time.  The  less  time  you  allow 
yourself  the  more  expensive  it  is  going  to  be. 

Capital  investment  takes  many  years  to  turn  over  capital  stocks 
and  if  you  try  to  accelerate  that,  you  place  on  society— you  do  so  at 
very  high  cost  to  society. 

We  are  in  the  process  of  looking  to  see  if  we  can  refine  some 

numbers  to  kind  of  crystallize  in  people's  minds  what  it  would  take 

and  what  it  would  cost.  We  just  haven't  done  that  yet  because  as  I 

said  our  report  looked  at  the  year  2050. 

Mr.  Sharp.  But  most  of  these  things  take  a  fair  amount  of  lead 

time  in  order  to 

Ms.  Fisher.  They  take  lead  time  in  terms  of  developing  the  tech- 
nologies and  in  terms  of  getting  those  technologies  in  place  in  soci- 
ety. When  you  are  looking  both  domestically— when  you  look  do- 
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mestically,  that  is  a  problem.  When  you  look  internationally  it  be- 
comes an  even  greater  problem. 

Mr.  Sharp.  Of  course,  one  of  the  reasons  to  as  quickly  as  possible 
determine  the  seriousness  with  which  we  are  going  to  pursue  this 
is  so  that  at  least  as  new  powerplants  are  built  that  those  newer 
facilities  at  least  maximize  efficiencies  in  terms  of  not  only  energy 
use  but  in  terms  of  pollution.  More  powerplants  are  going  to  be 
built  in  the  short  period  of  time,  am  I  correct,  in  China  and  the 
Soviet  Union  than  in  the  United  States,  and  you  can  choose  differ- 
ent technologies  yet  today  that  make  a  difference. 

Am  I  not  right? 

Ms.  Fisher.  I  think  that's 

Mr.  Sharp.  There's  one  kind  of  powerplant  that  will  be  much 
more  polluting  than  another  kind  of  powerplant. 

Ms.  Fisher.  I  think  that  is  a  very,  very  important  point  that  we 
at  the  Agency  have  tried  not  to  lose  sight  of  and  perhaps  the  Con- 
gress shouldn't  either,  and  that  is  you  don't  have  to  decide  to 
reduce  emissions  by  20  percent  before  the  year  2000.  What  is  per- 
haps more  important  is  that  as  you  look  at  the  policies  you  are  im- 
plementing today  you  pay  attention  to  the  greenhouse  gas  effects 
and  incorporate  that  into  your  thinking,  whether  it  says  we  draft 
the  Clean  Air  Act  and  look  to  remedies  to  deal  with  ozone  nonat- 
tainment  or  acid  rain,  that  we  do  so  in  a  manner  that  is  as  effi- 
cient as  possible  in  terms  of  contributing  to  the  greenhouse  gas 
problem  as  we  look  toward  developing  technologies  in  terms  of  cars 
or  houses  or  commercial  industry,  as  we  build  some  of  the  infra- 
structure of  the  Nation  over  the  next  few  years  or  globally  that  we 
start  to  do  things  in  a  way  that  is  consistent  with  our  interest  in 
reducing  greenhouse  gases. 

I  think  that  is  probably  more  important  and  will  get  us  a  lot  far- 
ther than  trying  to  figure  out  whether  or  not  we  can  hit  a  goal 
that  is  probably  unreasonable  to  begin  with. 

Mr.  Sharp.  There  is  the  one  value  I  see  in  having,  in  establishing 
a  goal  nonetheless  is  precisely  to  force  all  of  us  to  pay  attention  to 
how  current  policies  are  affecting  the  greenhouse.  If  you  know  you 
have  to  make  some  kind  of  improvement  whether  it  is  terribly  real- 
istic or  not — I  prefer  to  set  realistic  goals  that  we  have  some  hope 
of  accomplishing— but  it  at  least  forces  you  to  reflect  more  intense- 
ly and  dramatically  in  every  private  sector  and  every  public  sector 
decision. 

If  you  don't  have  a  goal  out  there  and  requirements  out  there, 
then  your  chances  of  doing  that  it  seems  to  me  it's  so  easy  in  Con- 
gress, it's  so  easy  in  the  private  sector  to  tradeoff  for  other  values. 

Ms.  Fisher.  I  think  that's  true.  I  guess  I  fear  a  little  bit  that  you 
end  up  wasting  a  lot  of  energy  fighting  over  what  the  goal  is  and 
lose  out  on  all  the  opportunities  in  terms  of  individual  policy 
choices  that  could  lead  you  if  not  to  the  goal,  at  least  definitely  in 
the  right  direction,  but  they  do  serve  as  a  forcing  mechanism. 

Mr.  Sharp.  Well,  I  do  think  it  is  one  of  the  reasons  why,  going 
back  to  the  bully  pulpit — it  is  not  the  only  source  of  policy  obvious- 
ly but  it  is  one  of  the  reasons  why  Congress  but  especially  the  ad- 
ministration because  they  are  more  involved  in  international  af- 
fairs obviously.  Raising  it  on  the  agenda  time  and  time  again  in 
many  places  is  an  important  element  of  establishing  that  as  you 
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make  current  choices  in  whatever  country  and  in  this  country  too, 
we  have  a  better  chance  of  meeting  some  of  these  problems.  I 
really  realize  it's  unfair  to  put  that  on  your  shoulders  as  a  repre- 
sentative of  the  administration  but  I  think  that  is  extremely  seri- 
ous that  we  have  to  accelerate  what  is  historically  a  very,  very 
slow  process  in  terms  of  getting  international  cooperation  and 
agreement,  though  the  CFC  agreement  appears  to  have  moved  with 
speed  that  most  would  not  have  assumed  in  the  past  and  even  now 
the  reexamination  of  that  agreement  as  I  understand  it  is  going  on 
to  possibly  and  in  my  view  should  accelerate  those  goals.  When 
that  happens  at  least  we  are  getting  people's  attention. 

Let  me  go  down  your  list  just  a  little  bit  and  get  a  little  better 
sense  of  the  proportions  on  this. 

Can  you  give  me  any  sense  about  on  these  policy  things,  let  me 
just — it's  hard.  There  are  so  many  of  them  that  I  don't  want  to  pull 
them  all  out  but  it  is  interesting  that  emission  controls  there  are 
not  viewed  as  nearly  as  significant,  I  mean  they  are  important  but 
not  nearly  as  significant  in  terms  of  the  percentage  of  reduction  of 
future  warming  as  simply  the  shifts  in  use  of  fuels,  it  appears  to 
me,  and  energy  efficiency. 
Is  that  a  fair  statement? 

Ms.  Fisher.  Emission  control  is  aimed  mainly  at  automobile 
emission  controls  and  one  of  the  reasons  it  is  small  is  it  presumes 
that  the  United  States  as  we  have  has  already  put  on  a  very  strong 
tailpipe  control. 

The  assumption  in  the  analysis  was  that  the  rest  of — is  that  all 
new  vehicles  in  the  United  States  would  meet  the  current  U.S. 
standards,  so  in  other  words  we'd  have  complete  turnover. 

Internationally,  what  would  it  be?  Or  is  that  all  vehicles  interna- 
tionally would  meet  the  U.S.  standard? 

Mr.  Morgenstern.  I  think  it  was  all  new  vehicles  in  the  United 
States  would  meet  the  U.S.  standard  and  that  in  Europe  they 
would  adopt  the  U.S.  standard  and  that  stricter  standards  would  be 
in  place  in  the  developing  countries  as  well,  although  not  necessari- 
ly at  that  level. 
Ms.  Fisher.  So  that  focuses  principally  on  the  automobile. 
Mr.  Sharp.  Oh,  I  see,  yes. 

Ms.  Fisher.  It  doesn't  get  to  other  emission 

Mr.  Morgenstern.  There  was  also  some  controls  implied  for  sta- 
tionary sources,  particularly  low  NOx  burners  were  implied  to  be  in 
place. 

Mr.  Tirpak.  One  other  point  of  clarification.  We  did  not  assume 
emission  controls  for  CO2  for  example.  Almost  all  the  technologies 
that  we  looked  at  were  very  costly  and  we  did  not  expect  that  those 
technologies'  costs  would  change  very  much  in  the  future. 

Mr.  Sharp.  Tell  me  about  the  energy  emissions  fee.  Is  that  the 
CO2  tax  that  we  hear  about?  Is  that  what  you  are  assuming  there 
is  the  policy? 

Ms.  Fisher.  We  looked  at  the  impact  a  CO2  tax  would  have.  Basi- 
cally the  kind  of  guts  of  the  analysis  was  what  would  happen  if 
your  pricing  of  fossil  fuel  in  fact  reflected  an  environmental  or 
social  cost  of  using  it.  We  did  that  for  the  purposes  of  this  analysis 
by  using  a  tax. 
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Mr.  Sharp.  Did  you  only  look  at  a  CO2  tax,  or  was  this  a  very 
gross  analysis? 

Did  you  look  at  different  tax  rates  or  did  you  get  into  the  ques- 
tion of  taxes  on  the  different 

Mr.  Morgenstern.  It  was  a  tax  on  different  fuels.  It  was  a  tax 
on  different  fuels  based  on  the  carbon  content. 

For  example,  coal,  which  is  approximately  twice  the  carbon  con- 
tent of  natural  gas,  the  rate  would  have  been  correspondingly  twice 
as  much. 

Mr.  Sharp.  And  the  response  of  the  marketplace  would  either  be 
to  shift  fuels  or 

Mr.  Morgenstern.  Or  conservation. 

Mr.  Sharp  [continuing].  Or  conservation  or  how  about  is  there 
any  assumption  that  technologically  we  can  get  a  better  combus- 
tion that  will  in  fact  mean  less  CO2  or  is  that  scientifically 

Mr.  Morgenstern.  Well,  the  one  technology  that  we  are  aware 
of  is  the  one  that  Dr.  Tirpak  just  mentioned  which  is  the  kind  of 
end  of  the  pipe  C02  scrubber.  We  see  that  as  being  prohibitively 
expensive. 

Mr.  Sharp.  The  commercialized  biomass,  is  the  presumption 
there  that  we  would  do  strong  interventions  in  the  marketplace  to 
bring  that  into  more  common  use  or  is  it  the  assumption  that 
that's  a  developing 

Mr.  Morgenstern.  There  are  kind  of  two  pieces  there. 

First  was,  we  assumed  that  there  would  be  the  active  planting  of 
high  yielding  trees  which  would  in  fact  grow  rapidly  and  would 
produce  biomass  relatively  cost  effectively. 

Second,  there  would  be  the  introduction  of  combustion  technolo- 
gy as  is  now  used  in  some  very  advanced  turbines  where  this  bio- 
mass would,  principally  could  be  combusted  efficiently. 

We  believe  as  do  many  other  experts  that  in  fact  this  type  of 
technology  would  become  cost  effective  some  time  in  the  next  cen- 
tury relatively  early  and  we  see  that  principally  I  should  say  in  de- 
veloping countries  as  opposed  to — perhaps  some  in  this  country  but 
it  would  largely  be  a  developing  country  option. 

Mr.  Sharp.  You  are  assuming  the  production  of  steam? 

Mr.  Morgenstern.  That's  right.  You  simply  burn  the  combusti- 
ble wood. 

Mr.  Sharp.  Let  me  ask  my  colleague  from  Florida  if  he  has  any 
questions. 

Mr.  Bilirakis.  Well,  regarding  this  same  chart  that  I  have  been 
looking  at  also,  is  this  worldwide?  Is  this  contemplated  for  world- 
wide, the  relative  effectiveness  or  is  this  the  United  States? 

Mr.  Morgenstern.  All  of  this  was  done  on  a  global  basis.  The 
whole  theme  of  this  report  is  that  the  United  States  should  not  act 
alone,  cannot  act  alone  when  we're  only  20  percent  of  the  problem 
anyway. 

Mr.  Bilirakis.  So  we  are  talking  about  imposing  or  getting  other 
countries  to  impose  an  energy  emissions  fee? 

Mr.  Morgenstern.  The  way  we  did  this,  this  was  the  result  of  a 
modelling  effort  that  used  a  global  model  and  in  fact  there  were 
nine  different  regions  of  the  world  which  we  looked  at  and  there 
were  different  assumptions  which  were  built  into  each  region. 
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We  are  not  assuming  that  there  would  be  exactly  the  same 
standards  applied  all  across  the  world,  but  yes  there  would  be  some 
action  in  all  parts  of  the  world,  however,  in  each  of  these  areas. 

Mr.  Bilirakis.  In  the  nuclear  power  here  you  have  this  5  percent 
figure.  That's  based  on  today's  world,  which  means  no  additional 
reactors  in  the  United  States? 

Mr.  Morgenstern.  Well,  actually  the  way  we  did  that  is  we  as- 
sumed that  the  share  that  nuclear  power  would  hold  of  the  world 
market  is  approximately  the  share  that  it  has  now  of  the  world 
electricity  market,  which  is  about  15  or  17  percent. 

In  order  to  attain  that,  given  the  growth  and  demand  that  would 
occur,  you  might  see  the  construction  of  several  hundred  nuclear 
plants  by  the  next  century  would  be  consistent  with  that. 

Mr.  Bilirakis.  What's  the  largest  figure  through  the  year  2050 
here,  the  largest  bar  is  commercialized  biomass. 

Very  briefly,  what  does  that  mean? 

Mr.  Morgenstern.  I  just  responded 

Mr.  Bilirakis.  Oh,  did  you? 

Mr.  Morgenstern  [continuing].  Really  to  the  chairman's  ques- 
tion on  that  point.  I  think  one  of  the  things  you  have  to  keep  in 
mind  in  this  whole  chart  really  is  that  all  of  these  reductions  are 
relative  to  a  base  case. 

That  is  to  say  we  are  assuming  some  set  of  activities  in  the 
future  and  for  example  natural  gas  appears  to  be  very  low  in  this 
chart.  If  you  are  looking  at  it  you  say  gee,  this  is  a  rather  small 
number  compared  to  biomass.  Well,  the  reason  is  that  we're  assum- 
ing a  great  deal  of  natural  gas  is  in  the  base  case.  We  are  assuming 
a  great  deal  of  natural  gas  is  used  and  certainly  natural  gas,  the 
use  of  natural  gas  would  be  consistent  with  reducing  greenhouse 
gas  emissions. 

With  biomass  there  is  not  very  much  in  the  base  case.  That 
would  be  something  that  would  be 

Mr.  Bilirakis.  So  there  is  room  for 

Mr.  Morgenstern.  There's  room  for  growth.  It  would  be  era  of 
policy  innovation,  that's  right. 

Mr.  Bilirakis.  I  did  say,  before  we  ran  to  vote,  I  had  some  ques- 
tions on  recycling.  I  would  like  to  get  back  to  that.  Is  that  just  a 
very  small  part  in  this  overall  picture,  and  I  suppose  you  could  be 
considering  that  in  the  agricultural  landfill  cement  portion?  You 
know,  we  tend  to  travel  at  times,  some  more  than  others,  we  Mem- 
bers of  Congress,  around  the  world,  but  I  do  not  find— I  have  the 
impression  that  other  countries  around  the  world  are  way  ahead  of 
us  when  it  comes  to  recycling.  You  can  almost  see  that  by  virtue  of 
the  debris  or  lack  of  debris,  if  you  will,  on  their  highways  and  on 
their  sidewalks  and  whatnot.  Is  that  a  true  statement?  Are  we  way 
behind,  No.  1,  and  No.  2,  is  that  a  significant  enough  area  that 
maybe  we  can  concentrate  on,  particularly  in  view  of  our  previous 
discussion  regarding  our  showing  some  sort  an  effort  here,  some 
sort  of  a  leadership  effort,  and  whatnot? 

Ms.  Fisher.  Let  me  answer  No.  2  first.  Landfills  are  a  part  of  the 
problem,  because  they  contribute  methane,  and  therefore,  recycling 
can  be  part  of  the  solution.  In  terms  of  its  overall  percentage,  it  is 
small,  but  my  feeling  is  anything  that  helps  should  be  looked  at 
and,  perhaps,  aggressively  pursued,  especially  those  things  that  are 
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good  for  other  environmental  reasons,  and  recycling  is  good  not 
only  because  it  may  make — even  though  it  is  a  modest  contribution 
to  helping  in  terms  of  warming,  it  makes  sense  for  a  lot  of  other 
very  important  environmental  concerns.  So,  I  am  and  the  Agency — 
the  Administrator  is  an  advocate  of  recycling  and  is  putting  in 
place  a  program  at  EPA  to  aggressively  pursue  that. 

Mr.  Bilirakis.  Are  we  doing  anything  here  in  the  Congress  to 
sort  of  help  his  efforts  in  trying  to  put  into  place  whatever  it  is  he 
is  trying  to  put  in  place  regarding  recycling? 

Ms.  Fisher.  You  have  pollution  prevention  legislation,  which  I 
am  not  sure  whether  it  includes  provisions  concerning  recycling. 
So,  in  terms  of  kind  of  the  general  interest  in  recycling,  I  think  it 
is  up  here  as  well  as  in  the  administration,  but  it  is  also  hard,  be- 
cause it  is  something  that — you  want  people  to  change  behavior. 
So,  it  will  take  an  aggressive  effort  by  both  the  administration  and 
Congress. 

Mr.  Bilirakis.  Changing  behavior  in  an  area  like  that  seems  to 
me  to  be  a  heck  of  a  lot  less  painful  than — well,  we  can  talk  about 
coal  and  an  emissions  tax  and  whatnot,  and  I  am  not  sure  what 
that  is  supposed  to  accomplish.  Granted,  it  brings  in  some  revenue. 
Second  of  all,  it  might  result  in  some  efficiencies  because  of  the  tax 
in  terms  of  usage,  but  probably  put  a  few  more  coal  miners  out  of 
work,  and  I  do  not  have  any  coal  mines  in  Florida,  but  I  guess 
what  I  am  saying  is  that  so  many  of  these  other  areas  which  we 
definitely  should  continue  to  pursue,  and  I  commend  you  for  men- 
tioning them,  also  result  in  some  sacrifice  as  far  as  the  American  is 
concerned,  which  is  all  right,  too.  But  when  it  comes  to  recycling, 
for  crying  out  loud,  it  does  not  hurt  anybody.  In  fact,  it  probably 
will  help  us  to  improve  in  terms  of  self-discipline  and  some  of  our 
behavior  patterns. 

Ms.  Fisher.  I  agree. 

Mr.  Bilirakis.  Thank  you  very  much.  Good  report.  I  learned  a  lot 
this  morning. 

Ms.  Fisher.  Thank  you. 

Mr.  Bilirakis.  Thank  you,  Mr.  Chairman. 

Mr.  Richardson  [presiding].  I  thank  the  gentleman. 

Ms.  Fisher,  I  obviously  am  getting  prepared  to  ask  you  some 
questions  that  are  in  the  script,  but  I  am  going  to  ask  you  some- 
thing that  is  not  in  the  script,  and  that  is  the  internal  U.S.  Govern- 
ment policymaking  function,  as  it  comes  to  international  environ- 
mental affairs,  do  we  have  an  efficient,  effective  bureaucratic  re- 
sponse to  global  warming?  Do  we  have  a  national  security  council 
to  expedite,  as  the  National  Security  Council  [NSC]  does  in  foreign 
policy,  to  bring — synthesize  the  bureaucracy  together?  It  is  a  very 
openended  question.  Maybe  you  are  the  czar  and  maybe  these  gen- 
tlemen are  your  junior  czars,  but  are  we  responding  adequately?  Is 
it  strictly  the  State  Department  that  takes  the  lead,  or  do  you  take 
the  lead?  Give  me  an  honest  response,  and  how  can  we  make  it 
better? 

Ms.  Fisher.  Okay.  Two  points:  First,  we  are  very  coordinated 
with  the  State  Department.  We  work  with  them  all  the  time.  They 
attend  many  of  our  meetings,  and  we  attend  many  of  their  meet- 
ings. When  I  say  we  are  coordinated,  it  involves  not  only  the  State 
Department  and  EPA  but  many  of  the  other  Federal  agencies  that 
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are  affected  by  or  concerned  about  global  warming,  including  the 
Department  of  Agriculture,  who  would  suffer  a  real  impact  if,  in 
fact,  we  had  significant  warming;  the  Department  of  Energy,  whose 
policies  go  the  very  heart  of  some  of  warming  concerns;  the  Depart- 
ment of  Interior;  the  science  organizations  such  as  National  Sci- 
ence Foundation  [NSF],  National  Oceanic  and  Atmospheric  Admin- 
istration [NOAA],  and  National  Aeronautics  and  Space  Administra- 
tion [NASA].  All  contribute  and  we  are  coordinating. 

Could  we  do  it  better?  Probably.  The  President  has  said  that  he 
intends  to  issue  an  Executive  order  that  will  lay  out  more  clearly 
how  the  government  is  going  to  organize  and  respond  to  global 
warming.  Meetings  on  that  are  in  the  process  of  beginning,  but  we 
are  coordinating  and  working  well  together,  but  we  have  not  offi- 
cially, as  you  suggested,  named  a  czar  yet. 

Mr.  Richardson.  What  about  this  meeting  you  are  having  in 
Geneva,  the  Intergovernmental  Climate  Meeting?  What  is  going  to 
be  the  agenda? 

Ms.  Fisher.  Two  things:  The  first  2  days — let  me  back  up  1 
second,  because  you  missed  a  discussion  earlier.  The  intergovern- 
mental panel  has  been  subdivided  into  three  special  work  groups. 
One  work  group  is  the  Response  Strategies  Work  Group.  That  is 
the  group  that  is  going  to  be  meeting  in  Geneva.  The  first  2  days 
will  be  technical  meetings  that  will  look  at  issues  such  as  energy 
technology  and  conservation.  The  last  2  days  are  going  to  be  a 
meeting  of  the  heads  of  all  the  delegations  on  that  panel,  which  is 
approximately  17  countries,  to  talk  about  the  work  that  has  pro- 
gressed since  the  last  meeting,  which  was  in  January,  and  the 
work  that  remains  to  be  done  between  now  and  when  the  reports 
are  to  be  submitted,  which  is  the  fall  of  1990.  So,  it  will  be  both  a 
technical  meeting  as  well  as  a  meeting  of  the  leaders  of  the  group. 

Mr.  Richardson.  But  it  will  not  be  high  level — it  is  mostly  tech- 
nical people. 

Ms.  Fisher.  The  first  2  days  will  be  very  technical.  The  second  2 
days  will  have,  from  our  government,  two — I  will  be  going  as  an 
Assistant  Administrator  and  an  Assistant  Secretary  of  State  will  be 
going.  Quite  honestly,  we  will  probably  outrank  some  of  the  other 
countries  there. 

Mr.  Richardson.  Who  is  the  Assistant  Secretary  for  Oceans  and 
Environmental  Affairs  now? 

Ms.  Fisher.  Dr.  Fred  Bernthal. 

Mr.  Richardson.  That  is  the  position  Negroponte  had  before? 

Ms.  Fisher.  Yes,  that  is  exactly  correct. 

Mr.  Richardson.  Is  this  individual  a  political  appointee  or  a 
career  person? 

Ms.  Fisher.  He  is  a  political  appointee. 

Mr.  Richardson.  And  he  has  been  confirmed? 

Ms.  Fisher.  Yes.  He  was  confirmed,  actually,  about  a  year — 
maybe  IV2  years  ago,  and  it  is  my  understanding  he  will  be  staying 
and  serving  for  Secretary  Baker. 

Mr.  Richardson.  Many  people  are  talking  about  an  effective  dou- 
bling of  CO2  occurring  by  the  middle  of  the  next  century,  and  as  I 
understand  it,  effective  doubling  means  that  you  also  count  other 
greenhouse  gases,  such  as  CFC's,  and  translate  them  into  CO2. 
Now,  if  we  also  take  methane,  CFC's,  nitrous  oxide,  ozone,  how 
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close  are  we  to  an  effective  doubling  of  CO2?  I  assume  that  is  a 
technical  question. 

Ms.  Fisher.  I  am  going  to  pass  that  on. 

Mr.  Richardson.  You  are  going  to  defer. 

Mr.  Morgenstern.  How  close  are  we?  Well,  we  have  a  series  of 
projections  that  are  in  our  report,  and  I  think  we  are  looking  at  an 
effective  doubling  by  the  first  half,  certainly,  of  the  next  century.  I 
am  looking  on  the  page  of  my  report  where  I  can  give  you  a  more 
precise  answer. 

Mr.  Tirpak.  The  answer  is  someplace  between  2030  and  2040. 

Mr.  Richardson.  Now,  have  we  seen  the  magnitude  of  warming 
that  the  scientists  would  predict,  given  that  increase  in  concentra- 
tions? 

Mr.  Tirpak.  We  have  not  seen  the  magnitude  of  warming  as  of 
this  date,  no.  We  can  only  estimate  a  range  of  warming  that  would 
actually  occur  at  that  time  in  the  future. 

Mr.  Richardson.  Okay.  So,  did  you  say  between  20  and  45? 

Mr.  Tirpak.  Between  the  years  2030  and  2040,  someplace  in  that 
range. 

Mr.  Richardson.  Okay. 

Mr.  Morgenstern.  The  answer,  I  think,  is  that,  you  know,  right 
now,  CO2  concentrations  have  gone  up  about  25  percent  since  the 
beginning — say,  over  the  last  150  years,  and  we  are  saying  that  C02 
concentrations  would  double  over  that  timeframe  to  the  middle  of 
the  next  century,  2030,  2040,  2050. 

Your  question  is  really  what  are  the  temperature  implications  of 
that  increase  in  concentration,  and  there  is  two  parts  to  the 
answer,  okay?  One  part  is  there  has  been  some  observed  increase 
in  temperature  over  the  past  100  years.  In  fact,  there  is  some  dis- 
pute among  scientists  as  to  how  much  that  really  is  and  how  you 
measure  it.  There  are  questions  of  how  many  weather  stations 
there  are,  whether  the  actual  readings  are  affected  by  urbanization 
and  other  issues.  The  question  about  the  future — and  in  fact  all  the 
work  that  is  in  our  report,  and  I  believe  the  work  that  is  really 
around  in  other  studies  as  well,  is  based  upon  models. 

Mr.  Richardson.  Now,  are  we  seeing  enough  of  what  we  expect- 
ed in  the  25  percent? 

Mr.  Morgenstern.  Well,  as  I  say,  the  question  is  how  much 
warming  has  actually  occurred  in  the  past,  if  you  want  to  divide 
into  the  past  and  future,  okay?  In  the  past,  the  best  estimate  and 
the  one  that  we  have  used  is  on  the  order  of  three-tenths  to  seven- 
tenths  of  a  degree  centigrade  of  warming  has  actually  occurred, 
but  in  fact,  there  is  a  rather — very  rich  literature  on  how  you 
measure  it  and  how  much  has  actually  occurred,  and  there  is  some 
dispute  about  it. 

Mr.  Richardson.  Now,  you  prepared,  Madam  Secretary,  a  report, 
"Policy  Options  for  Stabilizing  the  Global  Climate".  Did  you  actual- 
ly come  up  with  a  set  of  policies  that  actually  would  stabilize  the 
climate? 

Ms.  Fisher.  We  did  not  come  up  with  a  set  of  policy  options  that 
would  stabilize  greenhouse  gases.  We  came  up  with  a  set  of  policy 
options  that  would  reduce  significantly  emissions  of  greenhouse 
gases,  but  quite  honestly,  in  order  to  stabilize  the  concentrations  of 
greenhouse  gases  in  the  atmosphere,  the  policy  options  would  be 
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extremely  Draconian,  and  we  did  not  feel  that  they  would  be  of 
particular  help  to  policymakers  in  trying  to  make  some  tough  deci- 
sions. In  fact,  we  thought  we  could  get  a  lot  of  improvements  by 
the  ones  that  we  discussed,  by  they  do  not,  in  fact,  take  you  down 
to  a  stabilized  atmosphere. 

Mr.  Richardson.  But  it  is  a  feasible  goal  to  have  a  stabilized  at- 
mosphere, correct? 

Mr.  Morgenstern.  No.  I  think  what  we  are  saying  is  that  on  the 
basis  of  our  analysis,  we  believe  that  the  reductions  in  emissions 
that  would  be  required  in  order  to  obtain  a  stabilized  atmosphere 
would  be  more  than,  in  our  view,  it  is  practical  to  realistically  con- 
sider, and  so,  we  did  not  think  that  proposing  them  or  even  discuss- 
ing them  in  any  detail  in  our  report  would  be  helpful  to  the  Con- 
gress. 

Mr.  Richardson.  But  what  is  a  feasible  goal?  I  mean  we  have 
plenty  of  people  in  the  bureaucracy  that  are  giving  us  options. 
Whenever  the  do  not  want  to  make  a  decision,  they  say,  "Well, 
here  are  the  options",  and  we  turn  to  our  scientists  and  we  want  a 
little  bit  more  than  that.  Why  is  it  not  a  feasible  U.S.  policy  goal  to 
have  policies  laid  out  that  lead  toward  the  stability  of  the  climate? 
I  do  not  understand. 

Ms.  Fisher.  Two  points:  First,  some  of  the  things  you  might  look 
at  are  the  use  of  almost  no  coal  as  a  source  of  energy  in  our  coun- 
try or  around  the  world.  That  is  a  very  difficult  thing  for  our  coun- 
try to  do,  let  alone  many  other  economies.  I  mean  that  is  just  an 
example  of  some  of  the  stringent-type  things  you  might  have  to 
look  at.  Second,  we  thought  you  could  go  a  long  way  toward  realiz- 
ing your  goal  in  terms  of  limiting  ultimate  temperature  increase  by 
a  lot  of  the  policy  options  that  we  did  put  on  the  table.  In  other 
words,  you  could  address  a  large  part  of  the  problem  by  focusing  on 
a  lot  more  reasonable  sense  of  policy  options,  and  we  thought  that 
would  be  a  lot  more  fruitful  place  to  have  the  discussion. 

Mr.  Richardson.  Sounds  like  you  have  been  talking  to  the  State 
Department. 

Ms.  Fisher.  Maybe  I  hang  around  with  them  too  much. 

Mr.  Tirpak.  Let  me  also  add  that  I  think  our — some  of  the  think- 
ing behind  what  we  did  is  that  we  would  expect  that  over  the  next 
5  or  10  years  there  will  be  a  considerable  amount  of  research  done 
to  try  to  clarify  the  kinds  of  goals  that  might  be  appropriate.  For 
example,  we  are  not  certain,  right  now,  how  rapidly  forests  can 
begin  to  shift  and  move  and  adapt  to  climate  change.  We  have 
some  preliminary  sense  of  that,  but  if  we  knew  more  about  the  im- 
pacts on  the  ecological  system  and  what  it  could  tolerate  by  way  of 
temperature  changes  over  time,  how  rapidly  temperature  changes 
would  affect  those  systems,  then  we  could  begin  to  think  about 
what  would  be  a  target  goal  that  would  be  acceptable  for  the  envi- 
ronment, and  some  people  are  beginning  to  think  about  that,  and 
there  is  work  underway,  but  it  is  a  little  too  early  to  try  to  trans- 
late that  kind  of  a  goal  into,  say,  an  emission  target  or  something 
like  that  at  this  time. 

Mr.  Richardson.  Let  me  conclude  by  asking  you  a  question  on 
fuel  efficiency.  Your  assumptions  for  future  improvements  in  auto- 
mobile fuel  efficiency.  What  efficiency  goals  do  you  think  can  be 
met  by  this  time,  Madam  Secretary? 
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Ms.  Fisher.  What  we  laid  out  is  that  automobile  fuel  efficiency 
would  reach  I  believe  40  miles  per  gallon  [mil/gal]  by  the  year  2000 
and  we  have  50  miles  a  gallon  later  than  that? 

Mr.  Morgenstern.  Yes.  We  have  40  mil/gal  for  new  cars  by  the 
year  2000  and  a  fleet  average  which  would  imply  the  turnover  of 
cars  of  about  50  mil/gal  by  the  year  2025. 

Now  let  me  just  mention  that  there's  been  some  discussion,  there 
have  been  several  hearings  held  on  the  Senate  side  in  the  past  few 
weeks  on  this  issue  about  how  practical  this  is  and  in  fact,  it's  a 
raging  debate,  I'll  just  call  to  your  attention  that  the  Department 
of  Energy  has  testified  on  the  record  that  they  think  improvements 
somewhere  between  the  mid-1930's  and  in  one  case  up  to  40  miles 
per  gallon  for  passenger  cars  would  be  both  technically  and  in 
some  sense  economically  achievable  by  the  year  2000. 

So  this  is  an  assumption.  It's  certainly  in  line  with  some  other 
work  that's  been  done. 

Mr.  Richardson.  What  is  the  technical  back  up  support  for  this 
and  what  kind  of  comments  have  you  received  on  this  proposal  of 
yours? 

Mr.  Morgenstern.  Okay.  I  think  there  are  two  parts  to  that 
answer.  In  terms  of  our  own  work,  we  have  not  done  independent 
analysis  of  the  technology  associated  with  improving  fuel  efficiency 
of  cars. 

We  have  reviewed  the  literature  that's  out  there.  There's  a  range 
of  studies,  some  by  DOE,  some  done  internationally,  some  by  pri- 
vate consultants  and  we  have  a  very  thorough  review  which  is  all 
cited  in  our  study. 

The  Department  of  Energy  as  I  say  has  recently  testified  in  a 
way  that  would  support  this  type  of— these  types  of  assumptions 
but  at  the  time  that  we  did  this  work,  we  presented  them  simply  as 
assumptions.  We  said  that  we  think  they  are  credible  assumptions. 
We  were  not  predicting  or  taking  a  position  that  they  should  be  the 
case.  We  were  using  them  as  assumptions  but  we  do  think  they  are 
credible. 

Mr.  Richardson.  What  are  the  tradeoffs  between  achieving 
greater  efficiency  and  reducing  local  air  pollution  problems? 

Mr.  Morgenstern.  Well,  in  fact,  there  are  many  actions  that 
could  be  taken  that  would  in  fact  improve  local  air  pollution  prob- 
lems and  also  help  the  global  warming  problem. 

For  example,  the  use  of  some  of  the  measures  under  discussion 
in  California  which  would  have  the  effect  of  reducing  driving  if 
they  were  to  take  place  would  both  reduce  emissions  and  reduce 
greenhouse  gas  emissions — CO2  emissions. 

Mr.  Richardson.  Now  are  you  looking  at  ways  to  not  penalize 
domestic  auto  concerns  in  the  CAFE  standards? 

Mr.  Morgenstern.  In  fact  we  are.  This  is  a  very  interesting  dis- 
cussion. It's  been  the  topic  of  some  concern.  There  are  questions 
about  whether  you  would  for  example — how  you  would  deal  with 
credits.  There's  a  fair  number  of  credits  that  have  been  developed 
both  by  American  producers  and  of  course,  many  more  credits  have 
been  developed  by  foreign  producers. 

Mr.  Richardson.  What  do  you  mean  credits? 

Mr.  Morgenstern.  Well,  the  way  the  system  works  as  I  under- 
stand it,  there's  the  3-year  banking  of — carryforward  and  carry- 
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back,  I  guess  and  there  are  considerable  credits  developed,  in  fact 
many  more  by  the  foreign  producers.  There  may  be  some  way  to 
look  at  that  which  could  have  favorable  indications. 

There's  also  been  discussion  of  looking  at  different  standards  for 
different  size  classes  although  I  think  that  may  have  some  prob- 
lems but  all  these  are  kind  of  ideas  and  we  still  don't  have  a  posi- 
tion on  the  subject  and  we  are  doing  some  studies  as  to  the  poten- 
tial way  to 

Mr.  Richardson.  Would  it  be  possible  to  impose  some  interna- 
tional CAFE  standards? 

Mr.  Morgenstern.  That  would  be  kind  of  tough.  Each  country 
tends  to  be  sovereign  in  this  area. 

Mr.  Richardson.  You've  got  to  start  somewhere.  Why  not — why 
wouldn't  that  be  a— I  know  it  would  be  a  noble  goal  but  why  not 
try  to  do  something? 

Ms.  Fisher.  Congressman,  one  of  the  things  that  the  intergovern- 
mental panel  is  looking  at  is  how  best  to  approach  policy  emission 
reductions,  whether  it's  through  CAFE  or  other,  internationally 
and  one  of  the  things  they're  going  to  look  at  is  if  they  take  the 
approach  that  we  did  in  CFC's  which  is  an  across-the-board  phase- 
out.  Actually  the  current  protocol  calls  for  a  50-percent  reduction 
but  it  was  one  action  imposed  internationally. 

We  need  to  look  on  climate,  whether  that  approach  makes  sense 
or  whether  countries  should  take  different  actions  that  still  result 
in  emission  reductions  but  perhaps  in  one  country,  some  might  be 
easier  or  more  cost  effective  than  in  other  countries. 

In  other  words,  we  would  be  looking  at  rather  than  doing  one 
thing  globally,  maybe  doing  a  variety  of  things  globally,  with  each 
country  looking  to  policies  that  more  efficiently  or  effectively 
would  work  given  their  society  or  economic  or  political  systems. 

So  they  will  be  looking  at  whether  we  should  do  as  I  said  one 
thing  broadly  or  a  variety  of  things. 

Mr.  Richardson.  I  know  this  probably  was  asked  at  the  hearing 
earlier  by  my  colleagues  but  when  are  you  going  to  submit  your 
clean  air  legislation  to  the  Congress? 

Ms.  Fisher.  Every  question  to  an  administration  witness  comes 
down  to  the  Clean  Air  Act.  We  are  still  trying  to  meet  the  goal  of 
the  end  of  May,  beginning  of  June.  It  is  on  a  track  to  do  that.  Our 
Agency  has  been  very,  very  involved  in  trying  to  develop  the  docu- 
ment working  with  the  rest  of  the  government  and  the  Administra- 
tor and  the  President  have  both  committed  to  the  end  of  this 
month  or  the  first  of  June,  somewhere  around  Memorial  Day. 

Mr.  Richardson.  How  much  of  an  international  component  will 
you  have  in  that  legislation?  I  know  the  Director  has  come  out  for 
a  CFC  ban  by  the  year  2000.  Will  that  be  in  the  legislation? 

Ms.  Fisher.  No,  that  will  not  be  in  the  legislation.  We  are 
moving  to  do  that  through  the  Montreal  protocol  process.  We  will 
be  renegotiating  that  process  sometime  in  the  course  of  the  next 
year.  So  the  Clean  Air  Act  will  not  address  that. 

A  couple  of  points.  I  think  the  Clean  Air  Act— the  options  that 
the  administration  is  looking  at  try  to  take  into  account  the  effects 
on  global  warming,  in  other  words,  energy  efficiency  and  that  sort 
of  thing.  Other  than  that,  the  only  international  issue  I  think  at 
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this  point  in  the  Clean  Air  Act  would  be  the  acid  rain  proposal 
which  is  of  interest  specifically  to  Canada. 

Mr.  Richardson.  Why  couldn't  we  have  the  CFC  proposal  as  part 
of  your  legislative  goals  to  Congress  for  this  country? 

Ms.  Fisher.  Well,  we  don't  really  need  legislation  to  move  for- 
ward on  CFC's  right  now.  We  are  currently — I  think  it's  under  one 
section  of  the  Clean  Air  Act — I  can't  remember  which  one — 157 — 
that  was  the  section  that  led  us  to  the  current  process  that  we  are 
involved  in  which  is  the  Montreal  process  and  we  believe  that  legis- 
latively and  then  internationally  through  the  treaty,  the  process  is 
in  place  for  us  to  accomplish  what  we  need  to  and  that  is  the  total 
phaseout  of  CFC's.  So  we  don't  see  a  legislative  fix  as  needed  on 
that. 

In  terms  of  proposing  a  bigger  global  warming  initiative,  two 
points.  First,  we  aren't  quite  there  yet  in  terms  of  the  analysis  and 
in  terms  of  the  position — first  of  all.  Second,  as  you  know,  the 
Clean  Air  Act  is  complex  enough  and  trying  to  get  it  through  with 
acid  rain  and  ozone  nonattainment  may  prove  to  be  enough  with- 
out having  to  add  a  global  climate  section  to  it. 

Mr.  Richardson.  There  are  some  of  us  that  may  proceed  on  a 
separate  track  and  obviously  we'll  consult  with  you.  Let  me  just 
say  that  I  did  not  attend  the  earlier  part  of  the  hearing  but  I  think 
this  is  a  very  important  hearing  and  we're  discussing  some  very 
important  issues — not  as  sexy  as  others  but  probably  as  equally  as 
important. 

I  thank  you  for  the  testimony  and  let  me  just  say  that  the  Ad- 
ministrator of  the  EPA  has  my  support  and  I  want  to  make  that 
comment  off  the  record  because  I  know  it  would  severely  damage 
him  within  the  Republican  administration. 

Ms.  Fisher.  I  will  tell  him  of  your 

Mr.  Richardson.  Keep  that  as  off  the  record,  not  that  it  matters 
but  the  hearing  is  adjourned.  I  thank  the  witnesses. 

[Whereupon,  at  12:13  p.m.,  the  hearing  was  adjourned.] 

[The  following  material  was  submitted  for  the  record:] 
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JOINT  COMMENTS  ON  THE 

U.  S.  ENVIRONMENTAL  PROTECTION  AGENCY'S 

POLICY  OPTIONS  FOR  STABILIZING  GLOBAL  CLIMATE, 

DRAFT  REPORT  TO  CONGRESS.  FEBRUARY   1989 

I.      INTRODUCTION 

In  February  1989.  the  Office  of  Policy  Analysis  at  the  U.S.  Environmental  Protection 
Agency  (EPA)  released  its  three-volume  draft  report  to  Congress:  Policy  Options  for 
Stabilizing  Global  Climate  (herein  referred  to  as  the  "Draft  Report*'  or  the  "EPA 
study").  This  report  is  the  product  of  one  of  two  studies  on  the  greenhouse  effect  that 
Congress  directed  EPA  to  undertake. 

The  Draft  Report  has  been  distributed  to  several  federal  agencies  and  was  the  subject  of 
extensive  review  by  the  EPA's  Global  Climate  Change  Subcommittee  of  the  Science  Advisory 
Board  (SAB)  on  April  4  and  5.  1989. 

In  a  memorandum  dated  March  22.  1989.  the  International  Trade  Administration  at  the  U.S. 
Department  of  Commerce  solicited  the  views  of  the  business  community  as  part  of  that 
agency's  review  and  evaluation  of  the  Draft  Report.  We  welcome  the  opportunity  to  comment 
on  this  extremely  important  and  timely  effort. 

II.      Summary 

A.    A  Summary  of  the  Business  Community's  Position 
on  Enhanced  Global  Climate  Change 

o  The  business  community  is  concerned  about  the  potential  for  enhanced  global  climate 
change  brought  about  by  man's  activities,  and  will  actively  participate  in  the 
continued  study  of  this  phenomenon  and  the  development  and  implementation  of 
appropriate  policy  responses. 

o  Science  must  serve  as  the  foundation  for  policy.  Evidence  does  not  now  exist  to 
support  immediate  actions  by  the  U.S.  or  the  international  community  in  an  attempt 
to  drastically  curtail  or  change  energy  use. 

o  Policies  that  are  intended  to  reduce  significantly  the  rate  of  climate  change  in  the 
short-run.  may  in  fact,  carry  huge  economic  and  social  costs  that  are 
counterproductive  in  the  long-run. 


The  second  study  was  to  focus  on  the  potential  health  and  environmental  effects  of 
climate  change.  The  EPA  report.  The  Potential  Effects  of  Climate  Change  on  the 
United  States,  addressed  that  request  and  is  undergoing  final  review  by  the  Agency. 
FY  1987  Continuing  Resolution  Authority. 
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o  Climate  change  is  a  "global"*  issue  that  must  be  addressed  through  cooperative 
multilateral  programs.  It  would  not  be  prudent  for  the  U.S.  to  initiate  broad 
unilateral  actions  that  will  have  little  or  no  effective  environmental  benefit  if 
other  nations  do  not  participate. 

B.    A  Summary  of  Comments  on  the  EPA's  "Draft  Report'' 

o  The  EPA  study's  format  and  inherent  limitations  must  be  recognized.  Its  lack  of  any 
meaningful  economic  analysis  is  a  serious  if  not  fatal  flaw  if  the  report  is  used 
for  policy-making  purposes.  The  study's  policy  options  or  stabilizing  strategies 
will  inevitably  be  misinterpreted  as  recommendations,  and  the  study's  "No 
Response"  and  "Stabilizing  Policy"  scenarios  will  be  misconstrued  as  forecasts. 

o  It  is  impossible  to  predict  the  relative  potential  of  each  technology  or  policy 
option  for  reducing  greenhouse  gases  individually  or  as  a  group,  absent  a  detailed 
cost  analysis. 

o  The  scenarios  which  were  developed  by  EPA  to  provide  a  conceptual  framework  for 
policy  analysis  lack  any  consistent  economic  basis.  The  assumptions  in  each 
scenario  are  therefore  more  impressionistic  and  anecdotal. 

o  The  Draft  Report  over-emphasizes  policies  that  limit  the  production  of  energy  and 
does  not  adequately  address  countervailing  consumption  behaviors. 

o  The  EPA  study  likely  exaggerates  the  near-term  potential  of  biomass  and  solar  energy 
as  major  contributors  to  mankind's  primary  energy  needs.  Climate  stabilizing  policy 
options  must  be  technology  neutral. 

o  Expanded  use  of  technologies  that  more  efficiently  utilize  fossil-fuels  may  be  more 
cost-effective  and  politically  feasible  than  efforts  to  significantly  decrease  the 
use  of  fossil  fuel  combustion. 

o  Nuclear,  hydroelectric  and  geothermal  power  are  all  proven  technologies  that  do  not 
emit  greenhouse  gases.  The  role  of  these  technologies  needs  to  be  expanded  in  the 
EPA's  assessment  of  technology  options.  If  policy  options  are  being  evaluated  to 
mitigate  global  climate  change,  it  would  seem  prudent  if  not  absolutely  essential  to 
consider  all  technology  options.  In  selecting  the  most  effective  options, 
environmental,  social,  and  economic  tradeoffs  must  be  recognized. 

An  overcommitment  to  near-term  technology  options  may  limit  or  stop  development  of 
more  effective  and  politically  or  socially  acceptable  long-term  options.  EPA  must 
not  encourage  policies  that  inhibit  the  process  by  which  new  or  emerging 
technologies  reach  fruition. 
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o  Policy  options  must  not  be  advocated  that  are  mutually  inconsistent.  For  example: 
existing  commercially  available  substitutes  for  CFC-II  and  CFC-12  do  not  have 
comparable  energy  efficiency  capabilities  which  do  not  also  potentially  contribute 
to     the     greenhouse     effect.  Therefore,     some     efforts     to     mandate     higher 

energy-efficiency  standards  for  refrigerators  and  freezers  are  presently  impossible, 
as  well  as  contradictory. 

o  Different  climate  stabilizing  strategies  may  have  to  be  designed  for  developed  and 
developing  nations.  These  strategies  may  vary  significantly  with  respect  to  their 
timing  and  costs. 

[II.      THE  POSITION  OF  THE  U.S.  BUSINESS  COMMUNITY 
onTnhanced  GLOBAL  CLIMATE  CHANGE 

The  business  community  is  concerned  about  the  possibility  of  "enhanced"  global  climate 
change  brought  about  by  mans  activities.  We  will  actively  participate  with  governments, 
academia.  and  other  groups  on  the  continued  study  of  this  phenomenon  and  for  the 
development  and  implementation  of  appropriate  policy  responses. 

Therefore,  we  believe  that  science  must  serve  as  the  foundation  for  policy.  EPA's  draft 
report  highlights  the  poor  state  of  existing  knowledge  concerning  the  mechanisms  of  the 
global  climate,  as  well  as  the  uncertain  effect  of  various  policy  options.  These 
uncertainties  must  be  lessened  greatly  before  governments  can  make  informed  policy 
choices.  Clearly,  there  is  considerable  uncertainty  in  the  science  related  to  our 
predictive  capabilities  and  the  accuracy  of  our  measurements  of  the  interactions  among  the 
oceans,  atmosphere  and  biosphere.  These  measurements  bear  directly  upon  the  basic 
assumptions  regarding  the  possible  rate  of  change,  and  the  regional  impacts.  We  recognize 
that  certain  atmospheric  gases,  which  are  collectively  known  as  "greenhouse  gases,"  have 
the  potential  for  increased  "global  warming".  Our  climate  as  we  know  it  would  not 
otherwise  be  as  it  is.  Scientific  measurements  confirm  that  concentrations  of  these  gases 
in  the  Earth's  atmosphere  are  increasing  and  some  at  relatively  rapid  rates.  The 
statistical  mean  global  temperature  also  appears  to  be  rising,  although  very  slightly. 
However,  long  term  statistical  mean  global  temperature  analysis  is  uncertain. 

Societies'  responses  to  the  prospect  of  enhanced  global  climate  change  should  be  guided  by 
actions  that  strive  to  maintain  future  flexibility  that  can  reduce  long-term  risks  and 
costs.  Any  immediate  actions  should  have  compelling  corollary  benefits.  We  do  not 
believe  that  sufficient  evidence  exists  to  require  immediate  actions  by  the  U.S.  or  the 
international  community  in  an  attempt  to  drastically  curtail  or  change  energy  production 


2  The  major  greenhouse  gases  are:  water  vapor  (H2  O).  carbon  dioxide  (C02  ).  nitrous  oxide 
(N  0).methane(CH4  ).carbonmonoxide(CO).chlorofluorocarbons(CFC-l2andCFC-l  I  (.other 
oxides  of  nitrogen  (NOx  )  and  tropospheric  ozone  (03  ). 
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and  consumption  and  agricultural/land-use  patterns.  In  fact,  there  is  potential  risk  from 
such  a  crisis  management  approach. 

More  and  better  integrated  research  is  definitely  the  first  step.  We  will  continue  to 
offer  our  assistance  in  reviewing  the  U.S.  research  agenda  and  in  providing  guidance  on 
the  establishment  of  research  priorities. 

Paralleling  our  support  for  better  integrated  research,  industry  has  and  will  continue  to 
identify  and  develop  industrial  processes  and  energy  technologies,  policies,  and  products 
that  reduce  greenhouse  gas  emissions.  This  includes  the  application  of  new  technologies. 
Specific  examples  include:  decontrol  of  natural  gas  pricing,  forest  management 
improvements,  pollution  prevention  (including  recycling),  tropospheric  ozone  controls, 
methane  recovery  from  landfills  (where  practical),  utilization  of  innovative  clean  coal 
technologies,  revitalization  of  nuclear  power,  and  energy  efficiency  investments. 
However,  these  efforts  should: 

o  be  cost  effective. 

o  enhance  energy  productivity. 

o  contribute  to  economic  growth,  and 

o  not  adversely  impact  our  competitiveness  in  international  markets. 

We  support  these  efforts  now,  as  the  research  agenda  goes  forward,  with  the  assumption 
that  economic  health  is  essential  for  continued  worldwide  development  of  climate  change 
response  strategies.  Policies  that  may  appear  to  significantly  reduce  the  rate  of  climate 
change  in  the  short-run.  may  in  fact,  carry  huge  economic  and  social  costs  that  are 
counterproductive  in  the  long-run.  Drastic  government  intervention  in  the  marketplace  to 
"solve*'  immediate  concerns  on  enhanced  global  climate  change  carries  the  potential  for 
major  social  and  economic  impacts,  inequitably  distributed  among  peoples  of  the  earth. 

Any  actions  on  global  climate  change  must  be  an  international  effort.  No  single  nation 
can  significantly  lessen  the  potential  for  climatic  change  on  its  own.  Even  an  economy  as 
large  as  the  United  States  could  be  seriously  harmed  by  policies  to  restrict  the 
generation  of  greenhouse  gases,  especially  if  these  policies  are  not  followed  by  other 
nations.  Such  actions  would  create  the  worst  of  all  possible  situations  by  wounding  this 
country  without  significantly  reducing  global  warming.  As  such,  we  support  the  program 
and  goals  of  the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  and  support  an  active 
leadership  role  by  the  U.S.  participation  in  the  IPCC.  We  are  already  working  with  the 
U.S.  delegation,  providing  our  advice  into  the  IPCC  process. 

While  we  agree  with  those  who  call  upon  the  U.S.  to  "take  the  lead"  in  acting  on  this 
issue,  we  must  avoid  hastily  implemented  policies  that  can  cause  severe  economic  impacts 
to  U.S.  businesses  and  U.S.  competitiveness  worldwide.  Rather  the  U.S.  should  continue 
its  demonstrated  leadership  through  actions  already  adopted  on  CFCs.  funding  for  research 
on  science  and  alternative  technologies,  and  its  resource  commitments  to  the  IPCC. 
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Consistent  with  our  views  as  stated  above,  we  support  the  efforts  of  President  Bush,  the 
EPA.  and  the  Departments  of  State,  Energy  and  Commerce  and  others  in  defining  the  role  of 
the  U.S.  in    he  IPCC. 


IV.      SPECIFIC  COMMENTS  ON  EPA  S  DRAFT  REPORT 

The  EPA  took  a  holistic  approach  by  addressing  all  major  greenhouse  gases  in  this  report. 
However,  the  report  is  forced  to  use  assumptions,  use  incomplete  and  inconsistent  models, 
and  list  various  technologies  without  thought  as  to  how  they  may  relate  to  each  other. 
Moreover,  the  report  does  not.  and  could  not.  assess  the  economic  effects  of  policy 
options  or  the  influence  of  economic  or  social  forces  on  policy  outcomes.  Despite  the 
report  being  more  complete  than  any  other  to  date,  its  most  important  message  is  just  how 
little  we  know  at  this  time. 

A.    The  Limitations  of  the  Draft  Report  Economic  Analysis 

The   authors   of  the   Draft    Report   were   generally   forthright   in   their  assessment   of  the 
study's  major  limitations.    Specifically: 

Economic  linkages  are  not  fully  captured.  The  type  of 
economic  analysis  conducted  cannot  ensure  that  the  activity 
levels  assumed  in  each  sector  are  completely  consistent  with 
the  aggregate  economic  assumptions.  In  addition,  capital 
markets  are  not  explicitly  considered. 

Detailed  cost  analyses  have  not  been  conducted.  Technological 
strategies  have  been  screened  based  on  judgments  about  their 
potential  to  be  cost  effective,  but  no  attempt  has  been  made 
to  rank  the  cost-effectiveness  of  each  strategy  or  to  estimate 
the  government  expenditures  on  total  social  costs  or  benefits 
associated  with  the  stabilizing  strategies. 

The  above  caveats  notwithstanding,  the  lack  of  any  meaningful  cost  analysis  in  the  study 
is  a  serious  if  not  fatal  flaw  if  the  study  recommendations  are  used  for  policy-making 
purposes.  The  'policy  options"  or  "stabilizing  strategies"  in  the  report  will 
inevitably  be  misinterpreted  as  recommendations,  and  the  "No  Response"  and  "Stabilizing 
Policy"  scenarios  will  be  misconstrued  as  forecasts. 


Draft  Report.  Executive  Summary,  p.  9 
4     Ibid.,  p.  10 
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Two  forms  of  economic  analysis  are  essential  for  evaluating  potential  technology  or  policy 
options  for  climate  stabilization. 

1.  A  Comparative  Economic  Study 

2.  A  Macroeconomic  Impacts  Study 

A  comparative  economic  study  is  necessary  to  rank  options  in  terms  of  their  overall  costs 
and  success  of  implementation.  This  includes  a  thorough  cost-benefit  analysis  which 
incorporates  both  upstream  and  downstream  effects  of  proposed  actions.  The  commercial 
status  of  new.  emerging  or  untested  technologies  must  be  recognized  and  their  costs 
adjusted     accordingly.  Non-cost     considerations     such     as     lifestyle     changes     and 

institutional,  social,  or  cultural  barriers  must  be  assessed  in  market  penetration  studies 
which  determine  the  likely  degree  of  success  of  each  option.  Absent  this  detailed  cost 
analysis,  it  is  impossible  to  predict  the  relative  potential  of  each  technology  or  policy 
option  for  reducing  greenhouse  gases  in  the  atmosphere. 

The  second  form  of  economic  analysis  is  the  estimation  of  macroeconomic  impacts.  Mandated 
policy  options  of  this  scale  will  face  capital  constraints,  stimulate  inflation,  dislocate 
jobs,  and  force  taxes  or  national  debt  levels  to  rise.  The  market-oriented  economics  of 
the  OECD.  the  centrally-planned  Eastern  Bloc  economies,  and  the  developing  and  "mixed" 
economies  in  the  Third  World  will  all  be  shocked  by  any  concerted  international  effort  to 
regulate  the  chemical  composition  of  the  Earth's  atmosphere.  The  EPA  study  totally 
ignores  these  shocks. 

Macroeconomic  feedbacks  in  global  economic  systems  may  contribute  considerable  uncertainty 
to  the  effectiveness  of  different  stabilization  strategies.  Therefore,  they  must  be 
evaluated  if  the  tremendous  risks  and  costs  of  mandatory  policies  are  to  be  minimized.  If 
further  scientific  evidence  verifies  the  onset  of  enhanced  global  climate  change,  and  that 
is  a  big  "if",  detailed  macroeconomic  studies  may  be  necessary  to  assess  the  trade-offs 
between  policies  that  attempt  to  stabilize  climate  change  and  those  that  help  societies 
adapt  to  climate  change. 

B.    Scenario  Development  for  Policy  Analysis 

The  EPA  study  includes  four  scenarios  of  future  patterns  of  economic  development  and 
technological  change.  These  scenarios  are  disclaimed  as  forecasts,  Der  se.  but 
nonetheless  are  characterized  as  "pictures  of  how  the  world  may  evolve"  and  are  used  as 
"  a  basis  for  evaluating  strategies  for  stabilizing  the  atmosphere." 

Two  of  the  scenarios  assume  that  no  policies  are  implemented  to  restrain  greenhouse  gas 
emissions.  One  assumes  relatively  modest  ("slowly  changing")  economic  growth:  the  other 
assumes  somewhat  more  robust  ("rapidly  changing")  growth.  These  scenarios  are  referred 
to  as  the  "No  Response"  scenarios. 


Ibid.,  p.  20. 
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The  other  two  scenarios  assume  that  climate  stabilizing  strategies  are  implemented.  These 
strategies  include  major  reductions  in  fossil  fuel  usage.  CFC  phaseout.  decreased 
deforestation,  increased  reforestation,  energy  efficiency  improvements,  and  the  increased 
use  of  solar  and  biomass  energy  resources.  Like  the  first  two  scenarios,  there  are  also 
"slowly  changing"  and  "rapidly  changing"  scenarios.  Ostensibly,  these  "Stabilizing 
Policy"  scenarios  are  used  to  rationalize  and  advocate  action  that  is  limited  to  the 
handpicked  strategies  included  in  these  scenarios.  Hence,  policy  "options"  are 
implicitly  cast  as  policy  "recommendations." 

The  use  of  scenarios  for  developing  a  conceptual  framework  for  policy  analysis  is  a 
legitimate  and  perhaps,  necessary  exercise.  However,  absent  any  economic  bases  for  the 
structure  of  each  scenario  and  the  dynamics  between  alternative  scenarios,  the  assumptions 
become  self-serving  anecdotes. 

A  significant  problem  with  the  manner  in  which  these  scenarios  were  developed  is  the  fact 
that  major  economic  assumptions  were  held  constant  across  each  pair  of  "No  Response"  and 
"Stabilizing  Policy"  scenarios  and  are  therefore  internally  inconsistent.  In  other 
words.  GNP  growth,  population  growth,  the  availability  of  capital,  technological 
innovation,  and  energy  price  behavior  are  assumed  to  be  insensitive  to  the  implementation 
of  climate  stabilizing  policies. 

This  would  of  course  be  untrue  and  to  retain  these  scenarios  in  the  report  would  be  very 
misleading. 

In  its  final  draft  on  this  study,  the  EPA  should  discuss  scenario  development  and  its 
application  to  policy  formulation.  No  scenarios  should  be  arbitrarily  created  until 
detailed  economic  studies  have  been  performed  on  aH  viable  mitigation  options  and 
strategies.  EPA  should  regard  this  effort  as  only  the  beginning  of  the  process  of 
identifying,  evaluating  and  choosing  policy  options,  rather  than  the  conclusion  of  this 
process. 

C.    The  Treatment  of  Production  and  Consumption  Oriented  Policy  Options 

The  Draft  Report  over-emphasizes  policies  that  limit  the  production  of  energy  (and 
greenhouse  gas  emissions)  and  does  not  adequately  address  consumption  behaviors. 
Demand-side  "feedbacks"  of  limits  placed  on  the  production  of  fossil-based  energy  and 
CFCs.  for  example,  are  totally  ignored.  This  concern  is  related  to  the  need  for  market 
penetration  studies  as  mentioned  above  in  section  IV-A. 

Consumption  behavior,  i.e..  human  activities  such  as  cooking,  bathing,  heating  and  air 
conditioning,  transportation,  and  housing  investments,  will  not  be  static  under  any 
climate  stabilizing  strategy.  Missing  from  the  EPA's  study  is  the  adequate  recognition  of 
countless  and  complex  price  and  income  elasticity  effects.  For  example,  the  manufacture 
of  more  energy  efficient  refrigerators  may  not  eliminate  the  demand  for  larger  units  that 
offset  the  efficiency  gains.     Total  energy  use  may  not  decrease  after  the  purchase  of  a 
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more  efficient  appliance.  Similarly,  promoting  high-efficiency  air  conditioners  does  not 
stop  the  consumer  from  lowering  his  thermostat  setting  or  running  the  unit  more 
frequently. 

D.    Energy  Efficiency  Improvements  Versus  Fossil  Fuel  Phaseout  Policies 

An  important  element  in  EPA's  policy  proposals  is  a  sharply  increased  reliance  on 
renewable  energy  resources,  particularly  biomass  and  solar  (photovoltaics).  The  role  of 
biomass  as  a  primary  energy  source  is  envisioned  to  expand  from  approximately  none 
(excluding  existing  non-commercial  uses)  to  21  to  30%  of  total  demand  by  the  year  2050  and 
to  at  least  35%  by  the  year  2100.  Photovoltaic  solar  power  is  proposed  to  expand  to  9  to 
15%  by  2050  and  to  20%  in  2I00.7 

Heavy  utilization  of  these  sources  represents  a  radical  departure  from  present  global 
patterns  of  energy  supply  and  demand.  This  scenario  is  highly  speculative  and  downplays 
potentially  more  cost-effective  technological  options  -  especially  in  the  near-term  where 
EPA  suggests  a  great  sense  of  urgency. 

Clean  coal  technologies,  cogeneration.  fuel  cells,  magnetohydrodynamics  (MHD).  and 
advanced  gas-fired  combustion  technologies  are  mentioned,  but  are  effectively  dismissed  as 
viable  options.8  We  believe  that  some  of  these  options  may  be  more  cost-effective  and 
politically  feasible  in  the  near-term  than  any  effort  to  mandate  the  phaseout  of  fossil 
fuel  combustion  altogether.  If  the  goal  is  to  reduce  greenhouse  gas  emissions,  climate 
stabilizing  policies  must  be  technology  neutral,  if  these  policies  are  to  minimize  overall 
costs  and  risks. 

Some  options  are  emerging  technologies  and  are  not  yet  available  for  widespread 
commercialization.  These  options  are  not  given  a  prominent  role  in  the  EPA's  stabilizing 
policy  scenarios  because  of  existing  uncertainties  and  other  obstacles.  Given  the  over 
100  year  planning  horizon  assumed  in  the  scenarios.  EPA's  assessment  of  the  longer-term 
viability  of  these  options  is  unduly  pessimistic.  Ironically  there  is  no  such  bias  in 
their  rather  bullish  assessment  of  biomass.  The  Draft  Report  concludes  that  "|m|ore 
advanced  technologies  for  producing,  collecting,  and  converting  biomass  to  gaseous  and 
liquid  fuel  and  electricity  could  become  economically  competitive  within  the  decade." 
We  do  not  dismiss  the  potential  of  biomass  as  a  viable  energy  resource,  however  it  is  but 
one  item  on  a  large  menu. 


6 


7 


Ibid.,  p.  65. 

Ibid..  P.  65. 

Draft  Report.  Volume  II.  pp.  Villi  17  to  -137. 

Draft  Report.  Executive  Summary,  p.  64. 
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E.    Other  Proven  Technology  Options 


Three  major  "clean"'  technologies  are  mentioned  as  possible  options  but  are  assigned 
relatively  modest  roles  in  EPA's  proposed  stabilizing  policy  scenarios.  These  are 
hydroelectric,  and  geothermal  power.  None  of  these  options  emit  greenhouse  gases  and  all 
are  prominent  contributors  to  the  total  global  electric  generation  resource  base. 

Nuclear  power  currently  contributes  only  about  5%  of  total  global  primary  energy  supplies. 
In  the  U.S.  19%  of  our  energy  supply  comes  from  nuclear  power  and  our  allies  in  Europe  and 
the  East  far  exceed  that.  While  in  Japan  over  28%  of  their  power  production  is  nuclear, 
France  has  targeted  100%  of  their  power  source  to  be  supplied  by  nuclear  power  by  the  year 
2000.  EPA  assumes  that  its  contribution  as  a  climate  stabilizing  policy  would  increase  to 
only  8  to  13%  by  the  year  2050.  During  the  same  period,  biomass  would  increase  its 
contribution  to  21  to  30%.  °  While  the  current  "problems"  with  nuclear  power  are  well 
known,  we  believe  that  nuclear  power  can  and  should  play  an  increased  role  in  meeting 
mankind's  basic  energy  needs  -  with  or  without  the  possibility  of  enhanced  global  climate 
change. 

A  1984  study  by  the  Office  of  Technology  Assessment  (OTA)  concludes  that  "problems  that 
have  plagued  the  present  generation  of  reactors  are  due  to  the  immaturity  of  the 
technology."  OTA  said  that  "enough  utilities  have  built  nuclear  reactors  within 
acceptable  cost  limits,  and  operated  them  safely  and  reliably  to  demonstrate  that  the 
difficulties  with  this  technology  are  not  insurmountable." 

The  Draft  Report  implicitly  assumes  that  lifestyles  and  values  will  not  change  during  the 
timeframe  of  the  scenarios.  We  suggest  a  rebuttable  presumption  exists  that  mandatory 
climate  stabilizing  policies  will  force  --  under  threat  of  adverse  climate  impacts  --  the 
reevaluation  of  nuclear  and  other  "hard  path"  technologies  on  purely  environmental 
grounds.  If  the  risks  of  climate  change  are  as  great  as  some  claim,  then  we  cannot  afford 
to  limit  proven  technologies  such  as  nuclear  power. 

The  remaining  global  hydroelectric  potential  is  probably  limited,  especially  in  developed 
countries.      However,   as  the  Draft   Report  suggests,   this  potential   may  be  significantly 
undeveloped   on   a   regional   basis.12       We  agree,   yet   the   study's   "Stabilizing   Policy" 
scenarios  exclude  aggressive  expansion  of  this  resource.    Much  of  the  undeveloped 
hydroelectric  potential  is  in  the  Third  World.   These  potential  resources  are  also 


10     Ibid.,  p.  65. 


i  i 


Office  of  Technology  Assessment.    Nuclear  Power  in  an  Age  of  Uncertainty.  Summary. 
Washington.  DC:    U.S.  Government  Printing  Office.  1984.  p. 6. 
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strategically  located  in  terms  of  their  ability  to  significantly  halt  deforestation  and  to 
mitigate  greenhouse  gas  emissions.  The  EPA  study  apparently  limits  the  potential  of 

hydroelectric  and  geothermal  power  because  "environmental  and  social  impacts  ...  must  be 
considered  carefully."  This  is  disingenuous.     If  policy  options  are  being  evaluated  to 

mitigate  global  climate  change  it  would  seem  prudent  if  not  absolutely  essential  to 
consider  alj  options.  In  selecting  the  most  effective  options,  environmental,  social,  and 
economic  trade-offs  must  be  recognized.  These  trade-offs  will  also  be  decided  on  a  local 
basis  often  by  non-Western  institutions  with  non-Western  values.  EPA's  scenarios  prejudge 
the  choices  of  these  other  nations. 

We  recommend  that  before  the  final  draft  report  EPA  should  obtain  and  evaluate  dissenting 
viewpoints  on  issues  related  to  technology  choice  and  environmental  and  social  trade-offs. 
Global  climate  change  is  too  important  an  issue  to  warrant  limiting  the  debate  to  one 
point  of  view.  We  would  suggest  that  greater  input  also  be  solicited  from  other  federal 
agencies  and  experts  from  industry. 

F.    Trade-offs  Between  Near-Term  and  Long-Term  Options 

Enhanced  global  climate  change  is  a  long-term  issue.  An  overcommitment  to  near-term 
options  may  limit  or  stop  development  of  more  effective  long-term  options. 

At  issue  is  how  to  control  the  pace  of  innovation  and  continue  to  secure  the  benefits  of 
future  discoveries  and  inventions.  We  believe  that  market  forces  are  the  most  efficient 
means  of  providing  that  control. 

EPA  must  consider  the  tremendous  advances  of  the  last  50  years  as  a  guide  to  the  minimum 
level  of  innovation  that  can  be  anticipated  in  the  next  50  years.  Future  innovations 

cannot  be  predicted  or  forecast.  Technologies  that  will  not  be  available  until  early  in 
the   next   century   are   competing   for   funds   now   with   more   mature   or   commercialized 


1 3  For  example:  Hydroelectricity  in  the  Himalayas  can  stop  further  deforestation  of 
Himalayan  rain  forests  and  substitute  for  fossil-fueled  cooking  and  heating  in  India. 
China,  and  neighboring  countries.  Nepal  alone  estimates  a  hydroelectric  potential  within 
its  borders  of  over  83.000  MWs.  which  is  equivalent  to  total  developed  hydroelectric 
capacity  in  the  U.S.  Nepal  has  develop  only  161  MWs  of  hydro  capacity  to  date.  (Ministry 
of  Water  Resources.  Water  &  Energy  Commission  Secretariat.  "Nepal  and  Its  Water 
Resources."  Katmandu  (Nepal).  1988.) 

Draft  Report.  Executive  Summary,  p.  64. 

The  technologies  that  were  invented  or  developed  within  the  last  50  year  are 
unprecedented  in  history.  These  technologies  are  the  very  foundation  of  the  lifestyles 
and  economies  of  the  developed  world  and  the  aspirations  of  the  developing  world. 

16  As  recently  as  January  1989.  who  would  have  guessed  the  viability  of  "cold  fusion" 
as  a  source  of  clean  energy? 
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technologies.  We  urge  that  EPA  not  encourage  policies  whose  implementation  could  severely 
inhibit  the  processes  by  which  new  or  emerging  technologies  reach  fruition. 

G.    Conflicts  With  Existing  Energy  Policies 

Two  prominent  policy  options  advocated  by  EPA  are  the  phaseout  of  CFCs  (particularly 
CFC-II  and  CFC-12)  and  mandated  appliance  efficiency  standards.  The  manufacturers  of 
household  refrigerators  and  freezers  are  faced  with  a  "Catch-22"  situation. 

The  very  substances  manufacturers  rely  upon  to  produce  more  energy  efficient  refrigerators 
and  freezers  (CFC-ll  and  CFC-12)  are  being  gradually  phased  out  by  the  Montreal 
Protocol.17  The  EPA  "Stabilizing  Policy'*  scenarios  assume  that  the  existing  agreement 
is  strengthened.  At  the  same  time,  new  regulations  are  being  proppjed  that  mandate 
increases  in  energy  efficiency  for  these  and  other  basic  home  applicances. 

The  industry  relied  for  almost  50  years  on  CFC-12  as  the  basic  refrigerant  gas  and  more 
recently  on  CFC-II  as  a  blowing  agent  for  foam  insulation.  This  chemical  family  was 
selected  based  on  its  qualities  as  safe,  non-toxic  and  energy  efficient. 

Appliance  manufacturers  and  CFC  producers  are  committed  to  phasing  out  use  of  these 
chemicals  as  soon  as  is  practicable.  However,  the  reality  is  that  there  is  no  known 
commercially  available  substitutes  for  CFC- 1 1  and  CFC-12  with  comparable  energy  efficiency 
capabilities  which  do  not  also  potentially  contribute  to  the  greenhouse  effect. 

The  industry  can  meet  the  new  proposed  standards  mandated  by  the  National  Appliance  Energy 
Conservation  Act.  What  it  cannot  do.  and  what  is  assumed  in  EPA's  near-term  climate 
stabilizing  strategies,  is  to  commit  right  now  to  meeting  higher  standards  until  it  knows 
what  the  new  CFC  substitutes  will  be.  Once  it  knows  this  and  what  their  impacts  on  energy 
efficiency  will  be.  it  can  begin  to  redesign  and  retool  its  plant  to  mass  produce  the  new 
products." '  Until  such  time,  the  EPA  and  other  policy  makers  must  recognize  reaJ-world 
constraints  of  certain  policy  proposals. 


To  illustrate  the  relationship  of  efficiency  increases  to  use  of  CFCs,  manufacturers 
increased  its  use  of  CFC-ll  by  55%  to  achieve  the  96%  efficiency  increase  for 
refrigerators  achieved  since  1972  and  the  77%  increase  for  freezers. 

1 8  The  National  Appliance  Energy  Conservation  Act  of  1987  (NAECA)  mandates  strict  new 
energy  efficiency  standards  for  1990. 

19  In  1988.  the  members  of  the  Association  of  Home  Appliance  Manufacturers  produced 
nearly  8.6  million  refrigerators  and  freezers. 
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H.     Developed  Versus  Developing  Country  Perspective 
on  Climate  Stabilization  Responsibilities 

The  EPA  study  clearly  documents  the  fact  that  U.S.  efforts^  limit  or  reduce  greenhouse 
gas  emissions  have  been  and  will  continue  to  be  substantial.  Worldwide  CO,  emissions 
increased  from  about  1.6  billion  tons  in  1950  to  about  5.1  billion  in  1980.  The  North 
American  share  of  these  emissions  decreased  from  about  45%  of  the  total  in  1950  to  about 
25%  in  1980.  By  the  year  2000.  North  American  sources  are  projected  to  account  for  only 
about  15%  of  total  worldwide  C02  emissions.  These  projections  recognize  rapidly 
increasing  population  and  energy  use  2  in  developing  countries  and  increased 
industrialization  in  the  Soviet  Union  and  Asia. 

These  examples  do  not  suggest  that  the  U.S.  and  other  industrialized  countries  walk  away 
from  the  problem,  if  enhanced  global  climate  change  is  proven  to  be  a  problem.  What  it 
does  suggest  is  that  radically  different  strategies  may  have  to  be  pursued  that  are  not 
addressed  in  the  EPAs  Draft  Report. 

For  example,  mandating  new  and  higher  energy  efficiency  standards  in  the  U.S.  may 
contribute  only  marginally  to  climate  stabilization  relative  to  more  modest  standards  and 
controls  for  developing  countries.  New  mandatory  energy  efficiency  policies  in  the  U.S.. 
which  come  on  top  of  significant  improvements  that  have  already  been  made,  will  be  costly. 

The  easy  things  have  already  been  done.  As  the  U.S.  economy  absorbs  the  costs,  the 
opportunities  of  developing  nations  to  export  their  products  and  raw  materials  into  U.S. 
markets  may  decline,  thus  limiting  their  ability  and  commitment  to  implementing 
stabilization  policies.  These  economic  linkages  are  clearly  critical  and  further 
highlight  the  lack  of  any  meaningful  cost  analysis  in  the  EPA  study. 

The  results  of  the  recent  London  conference  on  stratospheric  ozone  depletion  also 
illustrate  the  difficulty  in  obtaining  global  consensus  to  protect  the  environment  when 
economic  self-interest  presents  a  strong  countervailing  force.  That  conference  considered 
the  strengthening  of  the  Montreal  Protocol  on  limiting  the  production  of 
chlorofluorocarbons.  The  EPA  Draft  Report  attempts  to  consider  this  issue  when  it 
examines  changes  in  predictions  of  realized  global  warming  if  developing  countries  did  not 
participate  It  concluded  that  failure  to  obtain  developing  nation  agreement  could 
increase  equilibrium  warming  commitment  about  40%  in  the  year  2050,  i.e.,  that  substantial 
risk  of  global  warming  exists  without  full  international  cooperation. 

There  are  other  scenarios  that  EPA  should  consider  evaluating  to  assess  a  broader  range  of 
international  responses  to  climate  change  issues.  For  example,  it  would  be  instructive  to 
consider  the  impact  of  the  failure  of  centrally-planned  economies  to  agree  to  emissions 
reductions,  under  an  assumption  that  commitments  are  obtained  from  countries  with 
market-based  economies.  EPA  might  also  consider  a  scenario  limited  to  adaptation  policy 
options. 

V.    CONCLUSIONS 

The  business  community  appreciates  the  opportunity  to  comment  on  the  EPA  Report  Policy 
Options  for  Stabilizing  Global  Climate  Draft  Report  to  Congress.  We  hope  that  the  EPA 
takes  our  concerns  into  account  when  finalizing  its  document. 


20  In  general,  this  is  true  for  all  OECD  countries,  which  include  most  of  the 
industrialized,  market-based  economies. 

21  Edison  Electric  Institute.  Testimony  of  William  McCollam.  Jr..  Before  the  United 
States  Senate  Energy  &  Natural  Resources  Committee  on  S.  324.  the  National  Energy  Policy 
Act  of  1989.  March  14.  1989.  p.  5. 
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